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PREFACE 


T ill’ work of AII>c(. and tin otinrpnat nuistt rs of Ihmu pniriliiK 
nctds no ncknowlidpcintnl nn T lie \m1ih of tlittr t(inli 
nips and cxnniplp iii tin dt lopiiu iit of iliis hramli of 
Ortliopnxlic Surpcn cannot Im o\or (slnn«tc<l 

Unlinppd\ till limes m wliicli \m Ii\< lni\i pnaih iiurtnsid llu 
demands on repamtivc surpm of llu loiomotor s\sti in I Ins 1ms 
Ictl not so nnicli to the disto\ir\ of iin\ m n or ri \olnlinimP\ 
pnucipk's of trentmeut ns to an iiicnasitl aisanness of tin mImI 
nnjxirtnncc of attention to tin ninn\ dclaiK w Iin h inn inaki or mar 
tlic final rcsidt 

The \alut anil scoi>c of Iwui pniftlnp In tlu t ri iilini nl of fnii (uri^s 
arc ob\ious In the practice of tins pnrln ular lirani li of orl hopailfc 
snrpcn one is inc\Ttnl)lN eonfronltd l)> nmny prohh nis and pnu li< al 
difilcuUics On tuniinp to Hit slandnptl l( \1 hooks 1 Iiiim linn 
disappointed npoin and npnin h> the Ini k of sjian allotted to tin 
application of Ixmt pmftinp to Hit Irrnlna nt of fnn tun s Dcsi np 
tions of operative ttchniipic art ciirladml information ri pardiiip pn 
and post-opemtn t treatment IS saiiilv and ninn) of tin liniridiircs 
dcscnlxMl art of Instonc mttrcsl onlj 

Dioprammatic representations of fine examples of Lin joinirh 
art and radiographs shovrinp spetlutularly (smvjiKirip risulls an 
poor consolation to a surpeon mill a pniclind pndilrin to solvi 
Tins Ixwk has anstn out of the difllcultirs I have tneoijiilind and 
mv aim has licen to make it as simple and us jimctn al ns ikasiIiIi 
■V rthodcsis has lx:tn discussed oiilj m ismmttion with isrtam 
fractures of the tarsus and spint ni winch I liela vt it to Ik tin Ik-sI 
initial treatment and I have quite frankiv avoided anv dfUllid 
discussion of the vxxcd ijiicstmii of the place of Ixnn -pruninp in Uii 
treatment of fracture-s of the neck of the femur 

Most of the radtopraphs and the sUtistics meludid m tla 
\ppend\x. were taken from tlic rcconls of ma of Ihi Ilojnl Air 
Force Orthopfcdie Centres and I am indehtcfl to th< Uiredor ( i nr ral 
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of the Royal An Force Medical Service, An Marshal Sir Harold 
Whittingham, for permission to use tins material, Mr Watson- Jones 
has been kind enough to write a Foreword, and it is a pleasure to 
record the great debt which I, in common until all the other 
Orthopaedic surgeons in the Royal Air Force, owe to him and to 
Air Commodore Osmond Clarke for their never-failing assistance, 
encouragement, and advice. The colour photographs ivere taken by 
Mr Heniiell, whose services were made available through the Medical 
Research Council by the Directors of the Metal Box Company 
Mr Hennell’s colour photography has already set a new standard m 
the illustrating of medical text-books. 

I have had much valuable assistance and advice from Mr Chailes 
Macmillan of Messrs Livingstone; his patience and enthusiasm were 
a revelation to a completely inexperienced author Finally I must 
pay tribute to every single member of the Orthojiffidic “team” in 
the centre to which I am attached Without the stimulus of their 
keenness and pride in their work this book would probably never 
have been written 

J R ARMSTRONG 

Ely, 

December 1944. 



FOREWORD 


T II? pnnCTplcs of Ixmc pmfhn/j Avcrr kno^^^l to Jolui Hunter 
two Iiundrwl jenrs npo His stiuh of tlie nch \-tis(nilnr Iictl of 
the nntlcrs of the deer Rniwn \\ilh sucli e\i>tnditUTc 

^cllr l)\ \cflr tnuglit liim the ini|>orlniicc of 1)1 o<m 1 supph in the 
fomintion of Ikijic He knew tlmt in the hcnliiiff of fractures lionc 
was fom\c<l b\ the growili of n \nscnlnr ccllnlfir tissue from siir 
rounding muscles nnd pcncfstcum niid from tlic bone ends tliciiiscHcs 
Ho knew that in this process of repnir it >vns possible for l)onc 
fmgiucnts eoniplctcls stnpi>c<l of nil soft tissiii nttacluncnts to 
be lucorpomtctl in the nmss of ncwl\ fonne<l Iwnc nnd c\en to 
contribute towards union In bridging the fracture B\ implnnting 
a Imnian tooth in the comb of a cock be pro\c<l tlmt transplnnted 
tissues could sum^c long cnougli to aunit rc\ascnlnnsation He 
e\cn trnnspUmted the bone Kpiirs of hen chickens into the legs of 
^oung cockerels nnd saw tliem take root and grou But Hunter 
did not cfftabhsli bone grafling ns part of surgical technique He 
was defeated b\ sepsis The time was not ^ct njic for the full 
dcNclopmcnt of lus bnlliont progroinnic 

Sc\cnt} jears after John Hunters death Lister published lus 
work on the control of wound infection nnd a few jears later in 
the same budding in Glasgow where Lister de\ eloped lus technique 
another \oung surgeon wrote n new chapter in surgical liiston It 
was ilhnm l^Iaccwcn wlio nt the age of twcnt\ mne had alrtadv 
mtnxluced the operation of wedge ostcotomj for the correction of 
rachitic (leformits A boj was brought to hospital for amputation 
of tlic arm the humerus hnd been resected for osteonn elitis 
regeneration liod failed and tJic limb was flail and useless Sloecwcn 
was un^vllhng to amputate and be decided to make use of fragments 
of ostcotomised bone from other patients Bone wedges were 
gathered from the logs of six bow legged bovs and transplanted to be 
come intrinsic parts of the humerus of a seventh The operation was 
successful The reconstructed bone measured six inches m length 
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four inclics of it coDsisting of trsnsplRiited bone Tlic patient grew 
to be a capable workman with a strong though slightly curved 
humerus eleven inelies long 

Bone-grafting was thus introduced in 1880 m the wards of the 
Royal Infirmar}^ Glasgow But the modern tecluiique of bone- 
grafting received no less powerful an impetus m 1894 from the ivards 
of Guy’s Hospital, London Arbuthnot Lane lesolved “to tieat the 
bones as one would the broken leg of a table or chan ” He established 
the principle of internal fixation and set a new standard in the 
treatment of fractuies His methods of operative reduction were 
guided b}^ rules of precision, and internal fixation was achieved by 
metal plates and screws With similar puipose Ficd Albce of New 
York devised “a surgical armamentarium for cutting and modelling 
bone winch at least approaches that of the powei -driven precision 
tools of the machinist or cabinet maker ” Surgeons bc/jan to learn 
fiom other craftsmen In recent 3’’ears they have acknowledged one 
more debt, this time to the metallurgist, for stainless steel, vitalliuin 
and other alloys have made it possible to use serews without fcai of 
reaction or loosening in the bone The ideal devee of the futinc 
may not be an alloy of metals — it ma}'' be an absorbable plastic But 
mcanwlule surgeons no longer fix bones to each other by the methods 
of the amateur — ^the twisted bits of Aviie and the fragments of catgut 
Avhicli any carpenter would laugh to scorn They use nails, flanged 
nails and screws, the}'^ achieve lehable and lasting fixation, thc}^ 
have developed the modern technique of onlay bonc-giafting 

In his monograph on bone-grafting m the treatment of fiactuics 
Mr Armstrong’s work reflects the surgical development of two 
hundred )’^ears — the leseaich of Hunter, the voik of Listci, the 
inspiration of Macewen, the skill of Lane and the ciaftsinanship of 
Albee On this very sure foundation, linked to icccnt icsearch in 
mctallurg3^ is based a technique of bonc-grafting uhich ahnosl 
complctclv solves the piobicm of slov union dclnycd union and 
non-union Mr Ainistiong lias dealt faithfullv with cvcqv detail of 
technique that the }muiig suigcon must know. He has the advantage 
ol being young Inmsclf — tlic age wlicn manv siugcons of the past 
have made their gicatcst contiibution He is a leading lueinbei of 
file team of orthopaedic surgeons ol which the Boval An loree 
IS proud, surgeons vlio have shouldered hcavv lesponsibilil v, gained 
vast experience and treated the Iractmes of jiilols and aircrews 
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■winch nrc chnmctcnscd li> nstomsliinp fic\cnt\ nnd muUiplicit\ 
In nil their nork the liighcst possible stnmlnnl hns been set It hns 
been ninmtninetl 1)\ the \nptlnncc of Osmond Clnrkc vho ns Service 
consultant is nlso \oiinp m outlook but is nc\crthclcss innturc in 
jud^icnt But it hns l)eeii nchic\c<l %ntlioiit stnndnnhsntion or 
suppression of initintnc (entml dictation of technique is the ensj 
method of nssunnp n unifomih Inph stniidnnl but from the point 
of \ncw of burpicnl progress it is the pcnucious mcthoil And tlms 
will be found m tlic ^\ork of Armstrong in the technique of sub 
nstmgnloid nrtbrotlcsis the pmcticc of Iionc-gmfting the scnphoid 
and m other opcmtions the proxocnlnc stimulnting npjironch of 
the indiMdunl 

A wnrmng is iicccssnn The technique of onln\ Iwnc grafting 
^ith \ntnlhum screw Axation is well cstnbhshctl Brilliant results 
enn be nchlc^cd defonnitj etui l>e prcAcnt(“<l union enn lx? 
nccelcmtcd non union can lx? n\OMie<l But let it be rcnicmbcrctl 
that Jolm Hunter was defeated b\ scjisis I/ct it lx? remembered 
that internal fixation was no more than part of the contribution 
made b^ Arbutlmot Lnne no touch tcclmiquc was tlic otlicr part 
E^cn to-daj the general standnrd of nsci>sis in operntne technique 
is fnr too low To infect a closctl fracture is a disaster of the first 
magnitude it h no less worth) of a court of inquin than a rnilwnx 
disaster Tlic surgeon wlio proposes to adopt the recommcndntions 
of this monograph must first achieve so perfect n command of aseptic 
techmqwc that if wntluu a few dnjs of ojx?rntion the patient dcNTlops 
a febrile reaction he can sa\ ^^th complete confidence He nin\ liaxe 
plcuns) he may ha\e piicunioma but whntc\cr he has I nm quite 
certain tliat he hns no infection of the wound 
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CHAPTER I 


PRINCIPIiES, GENERAL INDICATIONS, CONTRA-INDICATIONS 
PRINCIPLES 

T he nutofTcnous bone gmft 1ms two fiinctiom; being both an 
inAc ginl splint and n h ^fToldii ^ b\ or from iicw_jjoii£jt5. 

fomicd ^Hdiie-gniflin^ propcilj'^^^iTi^ dtit %nlunblc 

measure in tlic treatment of a wide rongc of fractures and in certain 
circumstances is tlic onl\ cffcctisc trcatincnt It is not siifhcicnt 
liowcver siniph to place n graft of indeterminate size across a 
fracture, so tliat it is more or less m contact witli tlic liost bone and 
then immobilise the hmb To produce realK satisfactor\ results 
certain basic conditions must be fulfilled 

1 There should be close and stable ceninet brirceen large areas of 
raw bone on the graft and host — It is imhkcl) that an autogenous 
bone graft h\es and takes ” in the was that a free epithelial graft 
takes ’ on a granulating surface More probabh it dies a nd is 
replaced b\ l iving, jxine b> a process of cryping substitiit ion In 
either event rosascu lansation is the essential jirocess wliercb} the 
graft becomes Imng bone The hos t bone is the so urce of this 
revosculansntion capillary vessels grow from it and spre ad tlirongli 
out t&g~~g gttf^ Several factors inJlucncc tlus groivth Tlic graft 
should be in yontact witli a vusculnr area the dee per IpA^p; pf thr 
cortex a nd the medullary cav^t ^rc a much more rffectivp s nnrcp of 
capillary growth jtjimi Jiic hard, euperficial corte x Similarly, the 
graft will be more easily rcvosculansed if it_ consists at least m par t 
of s_ofE-£an cdlQUS_cndosteaI lync into which capillaries c an_ jTow 
casily,^nd tins layet^of Jjic j ^ft ^ould be in immediate contact 
%nth the host Finally the larger the areas of graft an d h ost brought 
into conta^trT:hc more rap ^will be the revosylansation o f the graft 
ond its subsequent replacem ent hying bon e 

2 Fixation of the graft and fracture mu3l be mechantcaJhj stable 

Any movement at all between gmft and host tears the fine capillanea 
and delays or prevents revascularisation In the same way, move 
ment between the fractured surfaces delays union by traumatising 
1 1 
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the delicate tissues which are the framework of repair. External 
fixation reduces to a minimum the mechanical strains and stresses 
to which the graft and fracture are exposed, but absolute immobilisa- 
tion can be ensured only by a combination of external and internal 
fixation. 

To produce adequate internal fixation the graft must be strong 
enough to withstand the forces to which it may be subjected, mthout 
bending or breaking. It must, therefore, be large and consist in part 
of hard cortical bone Soft cancellous bone, while of a high osteogenic 
value, IS not strong enough to form an efficient internal splint 
Fixation between the graft and the fragments of the host above and 
below the fracture must be mechanically efficient and must remain 
stable until consolidation is complete. 

Provided fixation is effective the use of cancellous bone or bone 
chips packed around the fracture is logical. Under these cireum- 
stances such fragments are not subjected to any strains and act as 
a supplementary source of new bone 

3. Befoie grafting the fiactuied sui faces should he cleaned of fihous 
tissue and sclei otie hone — If allowed to persist, these form a barrier 
to the process of repair 

4. Noimal apposition and alignment of the fiagments of the host 
hone should be lestoied — ^Accurate apposition of the fractured surfaces 
reduces to a minimum the new bone formation necessar^’^ to effect 
union. If actual bone loss has occurred the gap should be filled 
vuth cancellous bone after it has been bridged by a stout graft. 
Mal-alignment, if uncorrected, causes dysfunction and disturbs the 
mechanical efficiency of the joints above and belo^v the fracture. 

5. The ai chitectu) e of the i econsii ucied hone as a whole should as 
fai as jiossible apipi oxwiate to noimal ai the eonclusion of opciahon — 
This reduces to a minimum the amount of bone absorption and nev 
bone formation necessary in the process of repair 


GENERAL INDICATIONS FOR BONE-GRAFTING 

The decision to treat a fracture by operative rather than con- 
servative methods should never be made hglitly Serious though 
the failure of conservative treatment may be, an unsuccessful 
operation mav veil result m tragedy This applies particularly to 
bone-grafting, wJiicJi is always a formidable procedure. In ccrlnin 
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types and conditions of fracture, however, conservative metliods 
alone are not enough When operation is necessary bonc-graftiiig 
may be definitely indicated, or may simply be one of scveial 
alternative procedures whicli might be employed successfully 

Established non-union. — ^An un-umted fracture in which the 
bone-ends have become sealed off by an avascular sclerotic layer 
will not unite, however long it may be immobilised (Fig. 1). Such 
operative measures as drilling or “ freshening of the bone-ends arc 
not always followed by union, and adequate bone-grafting is by far 
the most effective procedure 

Delayed union. — There are wide individual variations iii the period 
of immobilisation necessary to allow bony union in any particular 
fracture. Such factors as infection, a poor blood supply, lepcatcd 
manipulations, distraction, or inadequate iininobihsation may, 
however, cause union to be delayed far beyond the normal limits 
(Figs. 2, 3, and 4) At this stage the fractured surfaces arc joined 
by soft fibrous tissue containing little callus, the bone-ends arc 
relatively avascular and are beginning to “ round off,” and atropine 
dccalcification is evident elsewhere throughout the limb. If adequate 
immobilisation is continued and combined with the maximum 
possible functional activity of the limb most of these fiactiires will 
ultimately unite. In suitable cases, however, the pciiod of treat- 
ment can be substantially reduced and ultimate union cnsuicd b^ 
timely bone-grafting. 

Bone loss. — A high-velocity missile, a too enthusiastic debridement, 
or infection and subsequent sequestration can result in considciable 
loss of bone in a compound comminuted fracture This mav be of 
an extent sufficient to delay unduly or even to prevent union. Wlicn 
all infection has subsided the actual loss of bone can be made good 
and union accelerated by bonc-grafting (Figs 5, C, and 7) 

After osteotomy. — Occasionally a fracture is allowed to unite in 
malposition sufficient to cause matciial disability, vlnch can only 
lie relieved by an osteotomy and correction of the displacement at 
the site of fracture (Fig. 8) This should be done, provided ilic 
malposition has not been of sufficientlv long standing to cause 
permanent secondary changes in tlic joints abo\e and below the 
fracture. Bony union after an osteotomy through the site ol a 
recent fracture is often dela\cd and. if osteotomy is followed 
bone-grafting, not only is union accelerated but the dangei ol re- 
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displacement is niinimiscd In the eoniliinntion of intcmnl intli 
cvtcmnl ftxntion 

After open reduoUon — It is not nlnnis possible to effect ndceiiintc 
reduction of n frflcturc inthoiit opcmtion (Firs 0 nnd 10) Inter 
position of soft tissue or biittonliolinR of tlic pcnostciini mn\ prci ent 



Fio 5 Fia 0 FiO 7 

Pro 6 — Bono km. A four-montbs-old IVactuw duo to a gtmahot wound 
Fiofl 0 and 7 show the wune fmeturo eight woeki and four montha ofter 
graaing 

reduction b) manipulation or traction even if these measures arc 
tried immediateh after injurj Later reduction becomes incrcns 
in^^ly difficult in all fractures nnd after tlirce or four weeks maj be 
impossible using conservative methods onl^ Jloreover repeated 
manipulations or contmued strong traction substantialK delav union 
For these reasons open reduction is often neceasarj and should 
alwaj-s be combmed witli some form of internal fixation Tmns 
fixion screws, or plates and screws arc effective means of fixation 




Fig 8 

Mahnnion A fracfcui-e of the tibm 
and fjbuJa which has been allowed to 
unite mtli gross how ing 



Fig 0 Fig, 10 Fir. 11 Fin 12 

Fio^ 0 and 10 — A fi.ictinc loqujriripr open reduction, 'fjie cential fijijGiient 
had penetrated tlie periosteum and could not be leduccd In manipulation. 
Figs 1 1 ami 12 f^hou the same fr.ictuie aftci open redtirfion and froiftimr 
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TRINCirLES, GENERAL INDICATIONS, ETC 

but bei ond their mcchnmctil cfilcicncj do nothniR to promote union 
Indeed it 1 ‘i elenr tlmt loniwnblc metals introduccil nround a fmeture 
rctnnl union If there is an\ reason to suspect tlmt union mn^ l>c 
deln\cd a bonc-gmft is the best means of effecting internal fiNution 
(Figs 11 and 12) 



Flo 13 Flo 14 Fig 1G Fiq 10 

PlOB, 13 14 16 and 10 — An niulable fracture Tlio Initial reduction wns 
adequate (18 and 14) but, duo to comminution, complete re-dlaplacement 
had occinred one week later In aptte of an adequate plaater (16 and 10) 

Unstable fractures — Some fractures arc so unstable that reduction 
cannot be maintained bv cNtemal fixation alone (Figs 13 14 16 
and 16) It may be necessaT\ particularly m obbquc fractures mtb 
a loose butterfly ’ fragment to emplo\ both internal and external 
fixation if re^splaccment is to be avoided Tlus type of fmeture 
often occurs m areas of the shafts of the long bones where because 
of a poor blood siipplj union always tends to be slow In these 
circumstances bone grafting bos advantages over other methods of 
internal fixation 
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CONTRA-INDICATIONS TO BONE-GRAFTING 

Sepsis. — Wound infection after bone-grafting is a major disaster. 
Loss of the limb or even of life may follow a \uriilent infection. 
Involvement of the host bone maj’^ produce an osteomyelitis dragging 



Fio 17 

Figs 17 nncl IS — Tlic results of infection 


Fig 18 

A Pimple fiiictuiv 

of the indius uns grafted (17) and became infected Tln-e< 
months lalci. aUer the scie\\8. the dead praft. and be\eial loo 
Boqueslra had been removed, infection of the bone 
bone loss due to sequestration has produced a large defer! in t he 

!Xi shaft and a^disiocation of the 

(18) The patient’s last sUito is much vorse than his lli^t 


on foi years. The least serious 
sequestration of part oi all of the • 
(Figs. 17 and ] 8) h 
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actuc “icptic focu^ clsc>Nhcfe ii\ the bod\ precludes opcrntion An 
apparently subsided infection around n compound fracture nm^ onl\ 
be Intent and mas flare after operation Sticli fractures must be 
approached uitli spcaal care Operation sliould be undertaken only 
after the *urpcou linx sattsfled himself on clinical and radiological 
grounds and b\ obscmition of the rcoction of the fracture to a test 
period of increased actmU without c>ctcmal support, tliat infection 
has indeed rcsoIiTd Pm tracks m which there is a chrome Ion grade 
infection arc another commonly oxTirlooked source of infection 

It must be emphasised that infection follomng n bone graft 
should alwaNs be regarded ns directly due to an error of judgment 
m operating m the presence of an undetected infection to an m 
adequate skm preparation or to bacteria introduced at opcrntion 
b\ failure to observe an cffectisc aseptic technique The thcor\, 
comforting to the surgeon, that infection is often blocxl borne is made 
untenable bi the extreme rnnU of local mfcclion in closed fractures 
The results of infection following an operation on bone arc so dis 
astrous that it ts quite unjustiflablc to take nn\ nsk whates cr if it 
may be avoided 

Inadequate theatre lacilltics. — ^If an\ doubt exists ns to the 
absolute cfllcacy of the aseptic theatre tccluuqnc available bone 
grafting should not be undertaken A few basic instniments are 
ncocssan For example it siould be extremely difDcult to perform 
a satisfactory bone graft uitbout bone clamps or bone holding 
forceps and a raotor-dnvcn saw and drill An elBcicnt theatre 
sister trained m orthopaedic surgical methods and no-touch technique 
IS an essential Bone-grafting is ncyer an operation of extreme 
urgency and if the available facilities arc considered inodcqunte it 
is better to transfer the patient to a fuHv equipped orthoprcdic 
centre 

Other exiftiug lesiooi. — An un united fracture mn\ be associated 
^vlth other lesions sometimes the result of previous treatment 
The immobilisation necessary, after bone-grafting might liavc n very 
injunous effect on such lesions and might even result m thew becoming 
permanent For example delayed union of libial fractures is not 
uncomnionI\ associated with a fixed equino-varus deformity of the 
foot, the result of prolonged immobilisation in this position It is 
better to correct such a deformity by manipulation and plaster 
before undertnking bone-grafting If anj lenon is present nhich 
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IS likelj'- to be made worse by immobihsatioii operation should be 
deferred until it has been dealt with. 

Adherent scars. — ^An area of complete skin loss associated mth 
a compound fracture may heal leaving an avascular scar closely 
adhering to underlying bone. Although early epithelial grafting of 
wounds has reduced the incidence of tlus complication such scars 
are not uncommonly associated vath a fracture requiring bone- 
grafting. Operation entailing a stripping of the bone-ends to expose 
the fracture depnves the scar of its already precarious blood supply. 
The whole area may subsequently break dovTi, lea%’mg the fracture 
and graft exposed This is followed by sequestration of part or all 
of the graft, and union is mdefinitel}’’ delayed. Before operation is 
contemplated the co-operation of a plastic surgeon should be sought, 
to replace the scar vuth healthy skin by a transferred skin flaji 
Immobilisation of the fracture can be continued m a plaster vith a 
Avindow large enough to afford easy access to the scar, and grafting 
IS deferred until the flap has healed soundly. 



C1IA1*TEU II 


TYPES, SOURCES, AND FIXATION OF QRAIT'S 

M am proctMlurcs for bo»ic praftinp Imve been dcscnlxKl The 
pTTvfla used \’ar\ in size in compo«.ition mul in tlic mctliod 
bj iilncli thc\ (ire brought into contact iiitli nnd fi'^cd to the 
host bone Since these procedures arc I)\ no means cqimll\ satis 
factors good results dcyicud pninanls on the selection of the most 
effeetisc opemtne technique 

Intra-medoUary grafts — A closch fitting cortical graft is dnsTn 
into the medullar) cants of one fragment Icnsnng a portion pro 
trading from the fractured sitrfocc This is introduced into the 
opposite fragment bs mauipulntion and the fracture is impacted 
The graft then lies across the fracture in the mcduIJors cant\ of tlic 
host bone This method 1ms mans disods'cntogcs Tlic length of 
graft uluch can be introduced into the second fragment is limited 
bj tlic amount of distraction a Inch can be produced b> nmmpulation, 
and mft) be too short to effect adequote fixation If the graft is 
sufllcicntK loose to permit of its being ‘ threaded along the 
medulinn cant) so that its centre lies opposite the fracture line it 
docs not gnp the fragments flrml) enough to prc\cnt considerable 
movement nt the fracture Besides these mcchamcal disadvantages, 
the introduction of a Imrd cortical plug into the nicduUan cavity 
senousl) diminishes the blood suppi) to the bone-ends nnd often 
produces non union Should umon occur the normal medullarj 
cavit) can only be restored by complete absorption of the graft, a 
process wluch maj take vears The use of intra mcdullan grafts 
should be limited to those rare occasions m which this method is the 
onl) practicable procedure 

Inlay grafts — Tlic graft is introduced into a slot cut through the 
cortex of the host bone and across the fracture It is placed so tliat 
its various bony la) ers coincide with those of the host and fits closely 
into its bed Grafts are usually rectangular cut with a double saw, 
but mnv be wedge or diamond shaped Accurate fitting ma) be 
sufiQcient to produce immobilisation, but usually added fixation is 
11 
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necessar}’’. Loops of catgut or wire, transfixing bone pegs, or scre\\ s 
may be used to fix the graft more firmly m its bed Tlic advocates 
of inlay grafting point out that this technique restores the strueturc 
of the bone to normal, and that three surfaces of the graft arc brought 
into contact vith the host. This method has, however, several 
disadvantages The size of the graft is limited by the size of the 
slot which it IS possible to cut in the host bone, and a fracture of the 
graft itself is not unknovm “ Springing ” a closelv fitting graft into 
its bed is difficult; grafts have been broken and bones split during 
this manoeuvre At best, fitting is rarely accurate enough to be 
depended on without added fixation, and the insertion of screns, 
the onlj'" really reliable method of fixation, frequently lesults in 
drl^’lng the graft into the medullary cavity of the host, where it is 
less effective. Many so-called inlay grafts are, m fact, mtra- 
medullar 3 \ The whole technique is somewhat protracted and diffi- 
cult. and I consider it has no advantages and several disadvantages 
when compared with the much simpler procedure of onlaj’’ grafting. 

Onlay grafts. — After the fracture has been i educed tlie graft bed 
IS prepared b}^ removing with a chisel about one-quarter of the 
circumference of the fragments for a suitable distance above and 
below the fracture On the flat surface of raw bone thus pioduced 
the graft is laid and held with bone clamps It is tlieii fixed to the 
host bone bj’’ screws driven through the graft and gripping firmly on 
the opposite cortex (Figs. 19 and 20). The amount of bone vhieli 
should be removed to prepare the graft bed is important. Bv 
completeh" removing part of the cortex the vascular mcdullnrv 
caAut}' IS brought into direct contact vith the deeper la^'crs of tJic 
graft On the other hand, fixation is made more secure by preserving 
a thin la^'cr of cortex, as the screvs have tlicn tlirec la vers of hard 
bone on which to grip It is probabl}' best to leave a thin ln\cr of 
cortex vhen preparing the graft bed vith the chisel, and sub- 
sequcntl}' open up the mcdullarv cavity' bv a senes of large drill 
holes through this lasxr These drill holes are avoided vhen 
inserting the screvs. 

This tcchiiKjue is simple and effective. A inassne graft can be 
used and fixation bv screws is mechanically sound. The me f hod is 
particularlN suitable for gralting all types of fracture ol the shafts 
of the long bones. 

“Double” onlay grafts. — Double onla\ grafts an empIo\<(l 
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A\licn tlic host bone is too fragile to ollow stnblc fixation of ti single 
graft. In some fractures, particulnrlj those nssocinttxl mth bone 
toss the bouc-cneJs arc atrophic dccnlcified and mas c\cn laconical 
In sucli circumstances two onla\ grafts, placed on opjx>sitc surfaces 
and fixed flmih together with screws, arc used Tlic Iiost bone is 
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Pioa. 10 snd 20 — Onlay graft V maaelTO onlay groft 
the graft itaolf being broader than the boat femor TliU 
graft woa cut with bail end* 

gnpped between and supported by the grafts and stable fixation is 
ensured 

“ Buried” grafts — Buned grafts driven into beds prepared by 
the prehminary insertion of a chisel, have been most successfully 
employed by Bnttam ^ m arthrodesing joints (Tigs 21 and 22) 
This techmque depends, however on the graft being supported on all 
sides bv cortical or firm cancellous bone, and its value m tlic treatment 
of fractures is bmited although the use of bone pegs is based on 
exactly the same pnnaples 
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Bone pegs — An autogenous bone peg is d^^cn into n dnll liolc 
across and ns nenrh ns possible nt right angles to the fracture Imc 
UsunllN the main function of such pegs is mechanical, and their 
osteogenic value is of seeondnr\ importance In these circumstances 
the peg IS best prepared from hard cortical lx>nc, which is strong 
and call be sliapcd in a bone null or \ntli n file to fit the drill hole 
accuratch Properh used, these pegs cfrcctncb immobilise the 
fracture but their osteogenic \nluc is olmost ccrtainh small Thc\ 
often appear unchanged on radiologicol examination long after the 
fracture has unitetl Pegs cut from the ilium and consisting of soft 
cnncellous Ixmc, l)a^•c n much higher osteogenic value but ore 
friable and soft and must be inserted carefully and protected from 
am subsequent strain Such pegs arc onh suitable for use m 
fractures m which there is no tendency to displacement Attempts 
to combine these functions b\ preparing n peg consisting of botli 
cortical and endosteal l)onc arc not verj satisfactonr The endosteal 
bone IS so soft that it crumbles during the preparation and insertion 
of the peg leasing n cortical portion which is too small to fit closely 
into the dnll hole 

Bone fragments — Small fragments of bone packed around the 
fracture or used to fill defects arc n voluablc source of new bone 
formation Cancellous bone has the lugliest osteogenic value and 
being soft, IS cnsil} packed into the required position These 
fragments have no mccliamcal function and sliould alwa\s be used 
in conjunction with some form of graft which cfrecti\clj immobilises 
the fracture 

Sliding grafts — An alternative method of inlay grafting consists 
of shdmg the graft from one fragment across the fracture If a 
rectangular graft is used it is smaller than its bed bj the wdth of 
two saw-cuU to avoid tins it should be cut either wedge sliapcd or 
with appropnatc steps ” Grafts produced bj this techmquc are 
small and often decalcified fixation is not very secure and the 
method should onlj be used if no other source of graft is available 

“SpUt-bone” technique.— This method was first described by 
Gill • for fractures of the bones of the forearm The bone is spUt m 
two abo\c and below the fracture, the longer fragment being spbt 
about twice as far as the shorter TIic anterior halves of the spht 
portions arc removed and the longer piece of bone thus produced is 
laid across the fracture and ftsed with screws The gap left is filled 
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I'JO 22 

Fif.<5 21 nnd 22 — “Buiicd” prafl The piaft bed is prepaied b\ 
lilt mserlion of n chisel (21), and the piaft is dm on alon^j llio chisel 

ti.ick (22) 
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Tibia — So long ns it rcninms ncccssnn to mutiintc n prc\nously 
nominl bone to obtain n suitable Imnc graft tlic tibin mil nlmost 
ccrtnml\ retain its present populnnt\ among orthopialic surgeons 
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Fias. 26 and 20 — A tibia tlx mootbs after removal of a manive gnift Tlie 
defeot ia not Qlled bj bone 

Pig 27 — A tibia »lx month* after removal of a amall cortical peg ftom tlie creat 
The defect U stUl clearly eeen. 

It IS an easily accessible source of strong grafts of a fnirh liigh 
osteogenic value There are three main tj pes of tibial grafts 

1 The ordinary general purpose* graft —This is cut from the 
subcutaneous surface between the crest and posterior margin Such 
grafts are wide enough for most requirements, and can be cut to 
any desired length and shape 
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2 Massive grafts . — Inclusion of the sohd cortical crest greatly 
increases the strength of the graft. A massive graft, six or seven 
inches long, consisting of the crest and anterior two-thirds of the 
subcutaneous surface, can be cut when necessary. 

3 Bone pegs. A triangular peg can be cut from the thick cortex 
of the crest without opening the medullarj^ cavity. Such pegs are 

strong and, being triangular on section, are 
easily rounded to any reqmred size. 

There is much unfounded optimism re- 
garding the regenerative powers of the tibia. 
I do not believe that after a graft has been 
removed the tibia of an adult is quickly 
restored to normal by new bone formation. 
The defect is filled not by bone but by 
fibrous tissue (Figs 25, 26, and 27) Removal 
of even a very small graft is sometimes 
followed by fracture of the tibia (Fig. 28), 
shelving that the structure of the bone as a 
whole has been materially weakened. This is 
ultimately compensated by hypertrophy and 
the laying down of new trabecula? in ac- 
cordance mth Wollf’s law, but this process 
takes time (Fig. 29) If too much of the 
tibia IS removed the remaining bone may 
never hypertrophy sufficiently to restore tlie 
strength of the limb to normal. 

Ihum. — Grafts removed from the iliac crest 
consist of soft cancellous bone of a high 
osteogenic value. As these arc not strong 
enough to be efficient intcnial splints and must always be combined 
with some other form of internal fixation their use in the treat- 
ment of fractures is limited Recausc of its high osteogenic value 
however, iliac bone may be used to graft fractures in ulncli 
there is no tendency to displacement or in conjunction vitli libial 
ftrafts m fractures m A\hich a large amount of bone loss lias 

occurred. 

Fitjula. A suitable length of tlie filnilar shall, reseelecl sub- 

penostcalh from its middle third, can be used as a graft. As siieli 
grafts have a hard outer shell of thick cortex tlie\ arc levascularised 



Fig 28 

Fracture of the tibia 
fourteen days after 
removal of a small 
cortical peg 
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vcrj slowh niul, nltlion^jh tlic\ nrc strong, tlicir ostcoRdiic ^nluc is 
bniitcd 

Homologous gralts — -Hone gmfls enu be siicccssfulK tmnsferred 


from one iiultddunl to nnntlier should tlic 
nceessih nnsc The donor should Ik* hcnltliN 
and free from infection mid on no nceounl 
should n prclinnnnr\ blo<id m\CJvtigntion Ik 
omitted Tlicrc is not suniciciit <\idcnct, to 
slioir if this t\ pt of grafting is ns uuifomil\ 
rchnblo ns nulogrnoiis grafting nor do uc 
know whnt relation such factors ns the l)loo<l 
groups of the indiddnnls concemetl licnr to 
the prospects of success 

Stored gralta — Honc-gmfts nccti not Ik 
used ininicdiatch but enu Ik stored under 
suitable conditions for n considcrnblc |>enod 
Inclan • has reported a high percentage of 
success snth autogenous and homologous 
grafts stored m citmtcd blood nt lKl^^ccn 
three end five degrees centigrade for penods 
of from three to sixt\ tlirccdnj« 

Heterogeneous grafts. — The use of hctcro 
geneous grafts lio^i l>ecn nbniidoncd Aiij 
attempt to transplant a Inc graft of 
animal bone is followed b^ a local on<l general 
reaction cliaractcnstic of tlic introduction of 
foreign proteins into the system 

Future developments — There is no doubt 
that ui suitable circumstances bone con bo 
removed under aseptic conditions immcdiatcK 
after death stored and successfully used to 
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eraft a fracture Tlic danger that such a 

graft might have been infected by a terminal eiregrafl The defect 
bactersemia does not ansc m the ease of the 

«ii m j i_ untthercTTiQTnlngbopo 

suaaen death b> violence of a prcviousl> ha* hypertrophied 
hcalthj individual It may well be that the 
facilities of the Orthoptedic Centre of the future will include n 
bank of stored bone 
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FIXATION OF GRAFTS 

Screws. Effective fixation is best secured by metal screws driven 
through the graft and the opposite cortex of the host bone. If these 


Fig 30 

Adequate and inadequate fixation A 
fracture of the radius and ulna was 
first seen four weeks after an open 
reduction at which the ulna had been 
wired and the radius grafted The 
graft used was too small and had 
been inadequately fixed with loops 
of wire Re-displacement had already 
occurred The ulna was exposed, both 
fractures were reduced by mampula- 
tion, and the ulnar fracture was fixed 
with an adequate graft held by two 
screws. Ten weeks after operation 
the ulnar graft is already completely 
incorporated 


screws are inserted well away from the fracture line their presence 
does not affect the process of union Complications due to the 
insertion of a reasonable number of stainless-steel or Vitalhum screws 
are extremely rare, while inadequate internal fixation is one of the 
commonest causes of failure to obtain union after bone-grafting 
(Fig. 30) 

Accurate fitting. — Inlay grafts may fit so accurately m their bed 
that further fixation is unnecessarj''. It has even been stated that 
to contemplate added fixation after insertion of an inlay graft is an 
obvious insult to the grafting technique I believe that it is ahiaj s 
better to reinforce this method of fixation b}’’ the insertion of a suitable 
number of screws. 

Autogenous bone pegs. — Bone pegs driven through drill holes 
penetrating graft and host have been used as a means of fixation. 
This technique is some^\hat tedious and tends to be unreliable 

Other methods. — Lfiops of uirc or catgut and various other dcviets 
have been used to fix grafts to the host bones. None of tlu-se 
methods IS salisfaclorv or reliable. 
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CONCLUSIONS 

I consider tlmt tlinn innin conplnsionscmergi from n roiisidcmtion 
if the rclntnc ^•nluc'; ot tlic ^n^ou^ t\|»cs nn<I tnctli<KN of l>onc 
Taftnip 111 tlic trcntincnl of fmcturcs 

1 Tlic onln\ pmfl tccliniqm is tin siinpkst nnd most cfllcicnt 

2 The most tfrcctt\p ft\nilnhlc pmfls nrc those cut from n 

prc\no\»sU lulncl lihm 

3 Tlic use of mctnl screws is the most relinblc method of securing 

inlcninl fivntioii 


iiFtniF:NCt:s 

II * »B ^rikruttn* LlTinp^tom' Mlnburplii lOtP 

OiU A UnicT ''Tmtmrtit nl Lnanitr^l Fnrtan< of tbr IloQr* ol (hr ron-ann inry C/i" 

^«rrKO 1-. l(lj_ 

AlUrto "The Lk> oI l^rrvrrrtl jl<mr.f!TaIt In Orlbopa-dJc t-nrprry J Done and 
Joint Snrfrry xjjr rol 1 SI IPIl. 


CHAPTER III 

PRE- ATO POST-OPERATIVE TREATMENT 
PRE-OPERATIVE TREATMENT 

A BONE-GRAFT is never a matter of extreme urgency and 
judgment should be exercised in selecting the most favourable 
time for operation. Various factors may influence this decision, 
and a period of preliminary treatment is often necessary. 

Effects of trauma. — The effects of the soft -tissue injur}’^ associated 
vnth a simple fracture vary from a comparative!}^ slight local reaction 
to gross bruising and swelhng of the whole limb The statement that 
between ten and fourteen days after injury is the “safe penod” for 
operation is, hke most generalisations, of no practical value On 
those rare occasions when pnmary bone-grafting is indicated in 
simple fractures, operation should be deferred until the immediate 
effects of injury have subsided. These may he so slight that skin 
preparation can he started at once and operation earned out 
three or four days later. A generalised subcutaneous oedema associ- 
ated vuth bhstcnng of the skin — ^the so-called “fracture blisters” — 
precludes operation for three or four weeks. Effective immediate 
treatment greatly reduces the local reaction associated with a simple 
fracture. A firm elastic bandage and adequate splinting prevent 
gross swelling and hhstenng. If these complications have liecn 
allowed to occur the fracture should be reduced as accurately as 
possible by manipulation and the limb immobilised m plaster for a 
week or tno. When oedema has subsided the plaster is bi-%alved to 
allow skin dressings and the necessary pre-operative skin prepaiation. 

Effects of immobilisation. — Many fractures in vlueh bone-grallmg 
is indicated have been immobilised for long periods. As a result 
joints have become stiff and the skin thin ami atrophic Jt is usually 
possible to dispense almost cntmly vith all forms ol splmfing for a 
week or tvo prior to operation nithoul produemg any ehangi m 
the fracture vlncli vill affect the subsequent bone-grafting During 
this period the jiaticnt eonccntr.ites on active excreists to nsfon 
joint niosenunt. The marked improvement in the blood sujiply 
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and pcncml wiuljtion of the limb %\lncli follo^\‘» is nssocintcd wth 
belter post opcmli\c hcnlinp anil Ibc mnpc of joint nlo^cnlcnt re- 
pnmcil IS not cntirtl\ lost dimnp the further penml of iniinohilisntion 
ncecssnr\ after pmftinp 

Shortening — Difhculties nnse in bone pmftinp nmnuted fmetures 
of tlic tihin and fibula or fcinnr in nhicli considi mblc sliortcninp has 
been allouetl to occur Soft tissuccontmclion j)rt\ tuts the correction 
at operation <if more than alKuit an inch of shortcninp of lonp stnndinp 
If two or three inchi.*s of o\ t. rlnp is present it is nLecssar\ to ^elno^ c 
a considcmldc amount of l>one to effecl reihiction thus prmlncmp 
pennanent sliorteinnp of the limb Hefore opcmtion skeletal traction 
b\ a libial transfixion pin should Ik instituted and mnmtninwl until 
the o\crlnp is correcteil ns far ns jiossible Tibinl fmetures arc then 
immobiliscil ni piaster with the knee shphth flexed and m fcmoml 
fractures skin tmclion is sulistitntcd for skeletal tmction ^^^lcn 
the pm track has healed skin preparolion can lie commenced This 
prclinnnnn cornction of gross shortcninp b\ skeletal tmction often 
makes it possible to restore the limb to full length When dealing 
'nth fractures \shich have united uith t"o or three inches of o\crlnp 
it IS well to rcmcmiKr tlint if the alignment is satisfactory normal 
function can lie restored In a corTcs|>onding oj>cmtnc sliortcning of 
the other leg Tins procedure nin\ l>c more pmcticnble than an 
attempt to correct shortcninp h\ ojiemtnc reduction of the fmeture 
and Ixmc profUnp 

InlectioiL — The dangers of wound infection following bone 
grafting base already been cmpliasiscd Skin lesions or septic foci 
^uirc appropriate treatment A routine examination of the tcctli 
tonsils ond accessors sinuses of csers |>nticnt m ssluch gmfting is 
contemplated often res cals a preynoush unsaspected focus 

Compound fmetures m yyhicli there has been infection arc par 
ticularly dongcrous Opcmtion sliould not be contemplated until 
all yrounds hay c been soundly healed for at least three months Tlie 
climcal signs associated y\ith an unumted fracture arc similar m 
^any respects to the classical signs of inflammntion but n combina 
bon of local beat redness and swelling is certain cyndcnce of an 
active infection Tins is also indicated by a Icucocvtosis o raised 
Sedimentation rate or by tlic presence of a sequestrum or a patchy 
ecalcification of the bone ends on radiological examination 
^ immarj manipulation has been suggested on the grounds that 
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tins Will cause any latent infection to flare and become ob^^ous It 
may be very difficult, however, to be certain that the reaction 
following such manipulation is anjdhmg more than tlie normal 
result of the violent disturbance of an ununited fracture. It is 
probably better to dispense mth all forms of immobilisation for 
about ten days and encourage the patient to carry out vigorous 
non-weight-bearing exercises, mthout submitting the fracture to 
gross violence. Tins regime is not associated mth any marked 
reaction due to the presence of an ununited fracture and is probably 
quite as effective as a manipulation in “lighting-up ” any infection 
winch may be present 

When it IS remembered how an osteomyelitis may become active 
years after it apparently has subsided completely it is not surprising 
that operation on sueh fractures is oceasionally followed by infection 
in spite of all precautions However, by exercising the greatest 
possible care in deciding whether or not it is safe to bone-giaft a 
fracture which has previously been infected, it is possible to reduce 
the incidence of this most disastrous complication to a minimum. 

Rehabilitation. — Union of the fracture in good position docs not 
of itself ensure full function of the limb Wasted muscles must be 
redeveloped and a full range of movement restored to stiff joints. 
This ultimately depends on the patient’s own elTorts, for vbich no 
amount of phj'^siotherapy is an effective substitute. Indeed, pin sio- 
therapy can be actively harmful if it induces the belief that rceovci v 
will occur as a result of treatment without any exertion on the jiart 
of the patient. 

Reo-ular active exercises, both of the injured limb and of the rest 
of the body, a stimulating cmnronmcnt and the firm conviction that 
rccoverv mil surely follow are the essential featuics of ichabilitation. 
The immediate mental reaction to any injury is the desiic to become 
well again : rehabilitation in its truest sense must begin at once, and 
tins reaction must never be alloued to fade into apatln. Urom tlu' 
patients’ point of nen, bone-grafting is a milestone in treatment, 
and before operation they should be convinced tliat subsccjiient 
recovciy depends as much on their determined eo-opcration as on 
the teclmiqiie of their surgeon. 

Piet. .\iix dietetic deficiency dtk-n s posl-operatn e lualing and 

bons union. Uiuh r ordinar\ eircumstames Imsjiital dais ar< 
uviiallv quite adequate, but if I liere is an\ nason tosnsped that lIl(^ 
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nin\ Ik* dcfiacnl in nn\ i*sstntinl miistitmiil tins can be prOMtlcd 
Cnlciuni is of c^inrsc nn t^sscnlml factor in nc\\ bone fomintion and 
nlthoupb most diets oontnui nn ndi quote nnionnt tlio M.r\ conunon 
practice of prcscnlunp cnleimn for iwlienls witli se^c^c fmcturcs is 
an added snfcpnnnl Under prt*scnl cireninstnnees ^ itnnnn C 
dcficicncv IS n inort nn) |H)ssrbiIiI\ lUfort opcmtion it is ^\:sc 
to make sure that the jmtienl is sntumted witli tins Mtnniin b\ 
adnnnistcnnp ascorbic ncid 1)\ mnutli and snliseqitcnth tcstinp its 
concentration in tlie nnne 

Skin preparation — In nn ortlio|>a*<lic dc|mrtnitnt one incinbcr of 
tlic nursinp staff is trained to cam out jirtpnmtion of the skin pnor 
to operation Tins nursi is not nlloued unde r nn\ circumstances to 
participate in the Irenlmcnl of patients with infcctcel wounds 

Jiill aseptic nliinl, with a sterile pown mask, and plo\es is 
olwcrecd dunnp tlie actual skin prcpnmtion hour da\s before 
opcmtion the whole limb is tlioroupliU wnslicd with ether soap 
slia\ctl dned \ntli surpicnl s])int powdered witli Ixjmcic jvowder, 
and then wTnppc<| m a stcnlc towel winch is flxctl finnh in position 
with a Iwindnpc Tlie next moniinp tins is remoNcsl and the whole 
limb is thoronphU painted ivith fiaxinc in spint particular attention 
bcinp paid to the intcrdipitnl clefts and a similar dressing is applied 
Tills process is repented in the c\ cuing, on the monnug and ocning 
of the two sueccedinp dax * and flimllx on the mominp of operation 
Skin reactions to flaMnc in spmt arc exceptional Should tlie\ 
occur preparation is discontinued until tlie reaction has subsided 
and then washing witli ether soaj) thorough drjiiig and powdering 
sterilised boraac powder is sulislitutcd for painting xvitli nn 
antiseptic Tins is well tolerated b\ the most scnsitixc skm 

POST-OPEEATiyK TEEATMZNT 

Immobnuatioii.— Internal fixation bj means of a bone-graft 
although mechamcnlH stable, should alwa\s be supplemented by 
external fixation The graft prevents moxement between the bone 
^ds and external fixation protects the graft from mcchamcal stresses 
^cent tendency to dispense with all forms of Lmmobilisation 
after internal fixation may be practicable xvhen metal plates and 
^nsfixion screws arc used altliough plates have been known to 
or break, and screws to work loose After bone grafting 
owever external fixation is essential 

a 
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In almost all fractures a closed plaster is the most effective 
method of immobilisation When post-operative svclhng is to be 
expected plaster is best applied over a layer of ivool. The amount 
of padding used depends on the t 3 ^pe of fracture which has liecii 
grafted and on the personal preference of the surgeon. Plastcis, 
especially padded plasters, become loose tvo or three veeks after 
operation and should then be changed Immobilisation is continued 
until the fracture has united by bone. 

Dressing of wounds. — The dressings applied at operation arc left 
undisturbed under plaster. When this is changed for the first time 
the sutures are removed. There is no necessitj’^ to change tlic 
plaster for the sole purpose of doing this, however, as the sutures 
can be left in position for three or four months if necessary'. 

Post - operative complications. — The immediate post-opciativc 
period IS not usually associated with anj' special prolilcms. 
Occasionally the following complications may occur — 

Shock — This may follow grafting of fiactures of the fcmornl 
shaft or arthrodesis of the spine. Shock is usuallj’’ slight and 
responds quicklj^ to treatment by heat, morphia, and intravenous 
saline or blood plasma. 

Pain — Post-operative pain is not severe and is casilv coiiti oiled 
b)’’ m orpin a. 

HiE:\roRRHAGE. — A tourniquet is used whenever possible dining 
operation and I do not remove the tourniquet until the wound has 
been sutured and a pressure bandage and plaster applied Although 
subsequent staining of the plastei occurs I have never seen a ‘.evere 
haemorrhage after operation. Should such a hrcniorrhagc occur a 
full dose of morphia is given, the plaster is removed, and an e/Tcetn<* 
pressure bandage is applied When it is certain that bleeding is 
effectively controlled the plastei is reapplied and a transfusion ol 
not more than 1000 c c of Ircsh or stored blood is given. 

Sv’Ei.r.iNG — spelling docs not connncncc for about tAveht hours 
and reaches its maximum betneen twenty -four and jort\'(ighf 
hours after operation. After bonc-graftmg palnaits are niirsi d vith 
the affeeted limb elevated and are cncouragid to persist nitli huger 
or toe exercises. The digits arc inspected regularly for cMd( nee of 
imiiairinent ol circulation The danger signals are blu(-gn% or 
gresisli-vlnte discoloration, loss of sensation or nunenunf. or gross 
swelling Jf tin blood supjily is tiirtatiiud b\ prtssurt dm to 
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swelling the plaster is split along its whole length on each side of the 
hmb and if ncccssnn the pressure bnndogc is coniplcteh dmded 
in the same hne This rchcx'cs sNTnptoms nt once and should nc\er 
be dcln\ed in doubtful coses Neglect of these precautions is 
associated with such senous consequences that it is wise to insist 
that the condition of the digits be recorded m WTiting c\ci^ three 
hours for the first 8c\cnt\ two hours after bone grafting 

Paral\si8 — Occasionnlh o ncr\c pals\, most commonh of the 
rndinl or extcmnl pophtcal nerve follows bone grafting This nlO^ 
be due to the tourniquet to troumo nt operation, or to pressure 
If swelling IS present the plaster is bi \Tihed In the obscncc of 
swelling windows arc cut o\cr nn\ nreo-s in wlueli the affected nerve 
IS exposed to pressure Tourniquet palsies and those due to pressure 
or traction recover in from six to sixteen weeks No special treat 
meat 13 necessan but the affected digits should be put through a 
full range of possiv'c movement nt least three times a dov to prevent 
joint stiffness Tins is the onlv circumstance in vrhich passive 
mov ement is indicated in the post-opcrativ c treatment of fractures 

IvFEcnoN — Infection is indicated b} pvTCxio, throbbing pnin 
in the region of the wound, swclbng and tenderness of the IjTnpIiatic 
glands draining the hmb and later bv purulent discharge Should 
infection occur full doses of sulphnnilannde arc given bv mouth or 
intramuscular injection and if the local sj-mptoms are severe the 
plaster is removed and the wound inspected It maj be necessary 
to remove some or oil of the sutures to release pus under tension 
After dressing with vasehne gauze plaster is reapplied and treatment 
IS continued on the lines first suggested bv AVinnett Orr 

Chemotherapy — The value of the sulphonamide group of drugs 
in the control of bone infections particularly in compound fractures 
IS cstabhshed At the same time it appears to me that there is at 
present a dangerous tendenej to rclj too much on the lavnsh use 
both local and general of these compounds to prevent postoperative 
infection with a corresponding decrease in the meticulous care 
necessan in the selection of cases pre-operative skin preparation 
and tt'ieptic theatre technique The results of anv such tendency 
can onlv be disastrous 

Provided that this is rcalwed the controlled exhibition of this 
group of drugs can do nothing but good Some surgeons prefer to 
administer a fidl course of one of these compounds bv moutli or 
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intramuscular injection as a routine post-operative measure ilfv 
own preference is to do this only after operation m eompoinid 
fractures in which there lias been at some time evidence of infection, 
or in patients m which a post-operative pyrexia or nsc in pulse rate 
suggests the possibility of a local inflammatory reaction. 

Rehabilitation. — The importance of functional activity, not only 
of the injured limb but also of the rest of the body, cannot be over- 
emphasised. Active exercises are recommenced immediately after 
operation and are increased until thej'^ merge into a gradual letiirn 
to full activity. 
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OPERATIVE TECHNIQUE 

S IAIPI ICIT\ cITcctncncss nnd n minimni ninoiint of dnmngc to 
nominl structures nrc the fcnturcs of nn\ sound technique for 
bone Rmfting The use of n Inrge number of instruments nnd 
mcchomcal desnees is quite unncccssnr\ It is com cnient to desenbe 
m t\ p:encrtil ^va\ certain details of opcmtiic procedure 
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Pin In pofritkjn- Tbo tourniquet applied immediately bekrw and 
parallel to tlie In^lnal ligament, is kept from ellppinff down the tliigh 
by tlio protruding ends of the pin, 

Ncntouch techniqne — Bone nnd joint cavities nrc less resistant 
to infection than nns other bodj tissue There is no ‘margin of 
safet) tvhen operating on these structures Scrupulous asepsis is 
necessars and it is almost flftj s cars since Lane ^ advocating internal 
fixation m simple fractures insisted on the use of a no touch ’ 
teclmique dunng operation The essential feature of tlus technique 
IS that neither the -wound nor anything thnt is introduced into it is 
touched b\ the gloved hand or allowed to come into contact vnth 
20 3 * 





of a bonr^grail- 

E. The KTmft t* p^ecd In jxwhkm bdd with boiw clunpct *nd tcrrw boVi cue 
drilled. 
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the skin of the patient This refinement of the usual ascjitic ritual 
has been generally adopted by orthopasdic surgeons. In other 
eountries some sehools haA’e given up the rigid use of tlic technique 
and claim that their results have not been affected. Tins has not 
been the general experience in this country, houever, and I believe 
that a sound “no-toucli” technique is essential in operative 
orthopiedi cs. 

ToiiniiC[iiets. — The use of a tourniquet makes bone-graftinji 
easier and prevents blood-loss during operation. A properly applied 
tourniquet exerts an even pressure over a broad area and does not 
directly compress any vessel or nerve against undcrlving bone. It 
IS put on after the patient has been amesthetiscd but bcfoic jirc- 
operative dressings have been removed. 

For the arm a pneumatic tourniquet is applied over tlic middle 
or junction of middle and upper thirds of the hunicrus The hmh 
IS held vertical and a sterile ton el is wrapped evenlv around the 
arm to serve as a basis for the tourniquet. A soft-rubber bandage 
IS firmly applied from the fingers to the lover edge of this ton cl. the 
pneumatic tourniquet is placed in position, and the pressure is raised 
to ISO mm Hg.. and maintained at this level throughout operation 
Tins type of tounuquet can safelv be left in position, for from tvo 
to tvo-and-a-half hours if necessary. 


A rubber bandage applied over a tovcl at the junction of tlu 
middle and upper thirds of the femur is used for the leg The 
technique of application is the same as for the arm and the bandagi 
covers about six inches of tlic thigh For fractures of the leim*ral 
shaft a special tvjic of tourniquet is necessary to allov access to tin 
bone. A very strong Stcininairs jjin is driven tlirougli I lie muscles 
abrivc the great trochanter so that it jirotrudes about tno iiieliis in 
front and behind (Fig. 31). .V rubber bandage ajiplied to tlu- ujijx r 
thigh is prevented from slipping deiAMi by this pm. and it is possible 
to expose most of tlic femoral siiaft vith a tourmquil e.f (his (\p( 
in position. Tournnjucts can In hTl on the hg for In 1 v( < n t w o and 


time hours if nettssary. 

Tlu application of a touriuqiut is a \<T\ 
opcr.ition .uul should be e.irned out b\ tlu 
.issist. lilts .\ - louniupu f-book *' IS kejit 

tlu lluatn st.iff IS rt sponsible forncordiiio 
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how long the tounuquet has been in position c\cr> fifteen minutes 
throughout the operation 

Position of patient. — The ease with \\hich a fracture can be 
exposed often depends considerabh on tlic position of tlic 
patient, and this should be suitabU adjusted Ireforc commencing 
operation 

Sldn towels —The patient’s skin must be kept complctch covered 
uath stcnlc towels throughout operation The limbs arc best pro 
tcctcil intli n roll of stcnlc stockinet, applied after the skin has 
been painted with an antiseptic A smtablj large area is then 
swabbed inth a stcnlc adhcsi\c solution and the incision is made 
through the stockinette which remains adherent to the skin around 
the wound (Fig 3Q A) Other incisions are screened b\ stcnlc 
towels clipped to the skin edges These should Ixi fixed with towel 
clips and not with skin cUps of tlic Michel t\pc which mn^ casilj 
become dislodged dunng operation 

Exposure of fraotore — ^Thc incision must be long enough to allow 
adequate access to the fractured bone It is not true that ‘ nature 
heals a large incision as casih os a small one but the trauma from 
retraction in an endeavour to obtain a suffiarnt exposure through 
an inadequate inasion is much greater than that caused b> extending 
the inasion 

The approach is planned so as to expose the fracture with a 
mimmal amount of disturbance of normal structures Advantage is 
taken of intermuscular planes parliculerl> those between muscle 
groups No difficulties nnse m the ease of bones with a subcutancouB 
surface and Ilenrj > has worked out admirable methods of exposing 
the other long bones 

IVlicn the various structures have been divided or separated so 
that retraction reveals the bone in the depths of the wound tlie 
periosteum is clcanlj divided for a suitable distance above and 
below the fracture b\ a single mosion (Fig 82 B) Using an 
elevator the penostcum is stripped imtil the bone is sufficiently 
exposed Spikes introduced between periosteum and bone act as 
retractors and open up the woimd so that the fracture is completely 
exposed (Fig 32 C) 

Tlic amount of periosteal stnpping which is permissible is rather 
controversial It lias been stated that as the periosteum is an 
important source of blood supply stepping should be as limited as 
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possible and tliat tJie periosteum should ah^ays be left attached to 
at least onc-third of the circumference of the bone. On the other 
hand, it is sometimes necessary to expose a large area of the shaft 
of a long bone completely. Pro\nded that the periosteum is cleanly 
incised and carefully stripped, so that it forms a continuous sheath 
nhich can be sutured back in position at the conclusion of operation, 
it seems certain that a reasonable amount of stripping docs no 
permanent damage. 

In bone-grafting it is ncccssarj'^ to separate the periosteum com- 
pletely for an inch or so above and below the fracture so that the 
fractured surfaces can be cleared of fibrous tissue and reduction 
effected. It is also necessary to strip the periosteum from about 
half the circumference of the bone for a further distance suflicieni 
to allow preparation of the graft bed I am sure that exposure of 
the bone m the subperiosteal plane should alnays be adequate, and 
that such an exposure is not associated with any serious disturbance 
of blood supply. 

Application of graft. — When the fracture has been reduced the 
fragments are fixed with bone-holding forceps while the graft bed is 
prepared (Fig, 32, D). It is important that reduction be maintained 
while this IS being done, so that the bed shall coincide on both 
fragments. The graft is then placed in position and fixed with 
self-retaining clamps (Fig. 32, E), 

Screw fixation. — The next step is to fix llic graft firmly m its lied 
with screns If fixation is adequate the reconstructed bone is 
veakest at the point where the graft crosses the fracture line. Hen 
its strength depends on the size and nature of the graft itself and 
not on the number of screws used to hold it in position. It is. 
therefore, unneccssaiy and even harmful to crowd as many screws 
as possible into the graft Two screws in each fragment are all that 
IS necessary for ordinary grafts, and the most massive graft ('an In 
firmlv fixed bv three screws in each Iragment. 

The insertion of a metal screw into Ining bone is not comparable 
to the insertion of a similar screw into wood. In bout (he screw 
must grip In its threads onl\ . If it compresses the adjat’i nt bom 
pressure absorption wii! occur and the sr-rew la conus loost . 'flu 
screw' slioiild tlu'rcforc be of uniform Ihickmss. f>ri}u “ s( If-tafijang 
t\jK*, and should hav( fairly dcr p tlmads It is ins(rl(d in a drill 
hole c(prd or onl\ slightl> small* r in dianultr than its Kutral (on 
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This prelinunan dnll Iiolc gliould be smaller in soft bone than 
m hard 

I regard the ordtnar} scren -driver, which depends on a thrusting 
force to maintain contact between its blade and the slot on the head 
of the screw ns n most unsatisfactorv instrument for orthopredic 
surgerj i\onc of the ao-callcil ‘ self retaining * devices prevent it 
shpping nor do thej abolish the ncccssit\ to maintain considerable 
pressure to keep the blade in position Besides these mechanical 
disadvantages it is cs.scntinll\ wrong to attempt to dn\c ” a self 
tapping screw — it sliould be screwed ” home 

The use of screws made of non lomsablc metal has become 
increasingly popular Unfortunatcli the metal is so brittle that it 
cannot be worked and these screws arc cast Consequenth tbcir 
threads arc sen fine and flaws arc common These diKad\nntflges 
almost outweigh their ad\nntagcs 

I have had a modified t\q>c of Sherman self tapping screw 
prepared from non tovic” rtctl Tins screw has an oblong bead 
with flattened sides which fits into a covitv m a screw driver ’ 
which IS really a modified box-sponnor Practically no thrust is 
necessary to keep the head engaged and the screw can be screwed ’ 
home mth no difficulty 

To fix a graft mth these screws a suitable number of prchminary 
dnil holes are made tlirough graft and host {Fig 32 E) using a 
7/6-t inch dnll As thr graft is sbghtly harder than the host bone 
the dnll holes m thp graft are then enlarged to an eighth of an inch 
Finally the holes are touched with a 9/04 mcli dnll to facihtate 
starting the self tapping screw and to allow slight counter-sinking 
of its head A bone calibrator is used to measure the exact length 
of screw necessary to penetrate the graft and opposite cortex of the 
host bone and the screw is inserted (Fig 82 F) Once the screw is 
home’ further penetration is prevented by contact between it^ 
head and the graft, and any effort to twiat it a httle tighter simply 
strips its threads from the bone and renders it useless 

This technique is apphcable to any type of screws of uniform 
thickness provided the prehmmarv dnll holes are of the correct size 
HectroIvUc reactaon baa been stated to be the cause of a high 
proportion of screws quicklv becoming loose and ineffective and 
the use of non lomsable metals hailed as a solution to all such 
difficulties I feel sure that the technique of insertion rather than 
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the composition, is the important factor in tlie subsequent cfTieacy 
of metal screws. 

K^dio^Rphs during operation. — Accurate apposition of the 
fractured surfaces does not necessanly entail normal alignment of 
the fragments. It is not always possible to be sure that alignment 
IS satisfactory b}’’ inspection of the area of bone exposed at operation 
particularly in the case of a long bone Math a curved shaft After 
the graft has been fixed the M’ound is covered, and radiogiaphs arc 
taken to check reduction. This precaution should never be neglected 
Subsequent function depends on accurate alignment, and an angula- 
tion Mduch can be corrected in a fen^ minutes if detected durum 

c? 

operation presents a very different problem if first discovered a fen 
days later. 

Locul chemotherapy. — The value of local chemotherapy m 
operation on closed fractures does not appear to me to be estabhslicd, 
and the introduction of a large amount of one of the sulphonannde 
compounds in poM^der form into a surgical M'ound is not Mithout 
danger. 

When operating on a compound fracture m Avhich theic has been, 
at any time, an infection it is my practice to dust the M’ound liglitlv 
and evenly with sterilised sulphonilamide powder before closing the 
periosteum. I do not, hoivever, do this as a routine nicnsuic in 
all cases. 

Closure. — When the graft has been fixed in position and bone 
chips packed around the fracture (Fig 32, G) theMOund is sutured 
in layers The periosteum is closed as accurately as possible Mith 
interrupted sutures of fine catgut, the muscles arc approxiinatcd in 
a similar M^ay and the skin is closed with silkMorm gut (Fig 32. H) 

Immobilisation. — ^A pressure bandage is applied and the fracture 
IS immobilised usually by the application of plaster. The i^J)C of 
plaster and the amount of padding used depend on the site of the 
fracture, on the danger of rc-displaccmcnt. and on tJic amount of 
SMelling Minch may be expected When inimobiJisation is completed 
the tourniquet is removed 
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cutting and preparation of grafts 

I T IS iisimlh bc-st to cut nnd prepare n suitable graft before 
exposing the fracture "SA hilc time can be sn\ ed if an expcncnccd 
assistant is n^nllablc to procure the graft tins is not b\ anj 
means the least difficult or important part of the operation 

TIBtA 

The tibia IS most accessible mth the patient supine the leg being 
extcmalh rotated at the hip so that the subcutaneous surface of the 
bone IS horizontal 

■\Vhen the patient is anrcsthctised and a tourniquet m position 
the preoperatne dressings arc remoxed After painting ■aith an 
antiseptic the skm from the toes to the knee is covered with a 
roll of stenie stockinet and adhesixc solution is applied o\er the 
subcutaneous surface of the tibia 

ORBI^ARY GRAFTS — A Vertical incision two inches longer than 
the graft required is made over the centre of the subcutaneous 
surface of the tibia The periosteum ih divided m the same hne 
with transverse cuts about an inch long at the extremities of the 
incision and is gcntlj stripped from the antcro-medial surface of 
the bone with an elevator 

The graft is cut ^vlth a motor-dnven saw Cuts should alwaj s 
be made from right to left, as the bone-saw rotates in such a waj 
that it divides the cortex from below upwards when cutting m this 
direction and consequentiv does not tend to jump but is actually 
forced deeper into the bone by the cuttmg action A single saw is 
used unless it is necessary to have a graft of a predetermined uniform 
width m which case a smtablv adjusted double saw is used 

The longitudinal cuts are made first with a mch-diametei 
blade care bemg taken to avoid the hard cortical crest and posterior 
margm of the bone (Fig 86) If a saw fitted with a high speed shaft 
to take a slotting burr is not available a J-inch-diameter blade is 
used to complete the upper and lower transverse cuts It is essential 
8T 4 
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that the sa^v should not be allowed to “jump ” diu-mg this latter 
manoeuvre , important structures have been cut as a result of this 
accident Unless a slotting burr or a small-diametcr blade is 
available it is better to use a senes of drill holes to make the 
transverse cut 

When the cortex is completely divided the graft is loosened b\' 
inserting an osteotome gently at intervals along the sav-ciits. and is 
then lifted out of its bed and placed m saline When the graft has 



Fig 33 

Cutting an ordinary graft fiom tlic tibia The A^eitical say- 
cuts aie made in the centre of the subcutaneous siiifacc. the 
crest ond posterior margin being avoided 

been removed a suitable amount of soft cancellous bone is scoojicd 
out of the medullary cavity, stored in saline and subsequent 1\ jiackcd 
around the fracture after the graft has liccn fixed in jinsition 

The periosteum is then rcpaiicd lutli intcriiipted sutures ('aie 
IS taken to approximate its edges accurately and. piovided it has 
not been damaged bv the preliminary stnpjnng it is jiossible to close 
this layci completclv. The skin is sutured and a jiressiire baiidagt 
IS applied bclorc the touiniquet is removed 

CoRiiCAE BONE 1‘EGs. — A tliief-incli incision is made o\ei the 
tibial crest. I’lic pciiosteum is slnjijied from the anterioi sharji 
margin lor about two inches and a section oj boiu* is renioM d witli a 
single saw (Fig 31. and H) a'he I riangular Iragment t hus jirodiu e d 
IS jilaeed in saline ^J’he pcriostcmin and skin are sulurid ami a 
pressure banelage is ajijilied 

Massi\ I e.uMis. — 7’h( skin ine'ismn ( \f e nels lor .'ibouf Jwo-lhirds 
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of tlic length of the tibm TJic pcnostcum is dmded in the sninc 
line nnd completeh stnppcd from nil aspects of the bone Tuo bone 
lexers inserted l)ctwccn the pcnostcum nnd tlic postenor surface of 
the tibia nnd slid to tlic c\trcmitics of the wound net ns retmetors 
(Fig 35, \) 

Tlie first lonptudinnl cut is made on tlic nntcro Intcml surface 
of the tibin inuncdmteh behind the crest the saw blade being kept 
pamllel to the nntero-medinl surface (Fig 35 B) A second longi 
tudinal cut is made at tlic junction of the antenor two thirtls end 
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Fio« 81 t and D — V cortical pejr U cut from iLc tIblaJ cn*t with a tnw (A) 
ood U triaDgiilar on section when detachod (B) 


posterior third of tlie subcutaneous surface These ore joined bv 
transxcrsc cuts which compictclx dmdc the crest and the graft 
consisting of the crest and antenor two tlurds of the nntcro medial 
surface is dctaclicd with an osteotome (Fig 85 C) The inclusion 
of more than tlic antenor tuo-tiurds of the subcutaneous surface 
produces an unneccssanlx broad graft 

Tlic pcnostcum is easiK closed os the total diameter of the tibia 
has been reduced The sHn is Sutured n pressure bandage applied 
and the tourniquet is removed 

Attcr-treatmeiit of the donor leg — ^The remoxnl of exon the 
smallest graft weakens the tibm xvhich nmj subsequenth be fractured 
bx tnxnal violence The defect is not filled bx regeneration ’ but 
the structural weakening is compensated bx hxpertrophj of the 
remaining portion of the bone Until this bag taken place the tibia 
must be protected 

eight beanng is not permitted for three xiccks after the 
removal of the graft At the end of this time the pressure bandage 
ifi taken off and the sutures removed from the wound A dressing is 
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applied nnd the tibm is protected b\ n plaster pniter, i\ hich is moulded 
to the nntenor two-tlurds of the leg from the malleoli to the tibml 
tubercle nnd held in jxwition b\ n firmh applied erepe bandage 
It might be argued that a complete below knee or c^ell mid thigh 
plaster IS ncecssai^ to afford full protection, but I believe that the 
gaiter IS adequate nnd it has the great nd\'nntngc of permitting full 
knee nnd nnUc mo^c^lcnt It is changed when necessary nnd is 
retained for eight \\ccks 

FIBULA 

Tlic fibula IS best approached from its lateral aspect nnd is most 
ccsih accessible mth the pelvis tilted and the donor leg full^ 
intemalh rotated b^ suitnbl} placed sandbags A tourniquet is 
used and the patient’s skin is protected in the usual wny 

The fibula is identified b\ palpation and a si\ inch skin incision 
IS made os’cr the lateral aspect of its middle third The plane 
between the peronci in front and the gastrocnemius nnd soleus 
behind IS identiflc<l and these muscle groups arc separated until the 
sharp lateral edge of the bone is exposed The periosteum is incised 
and stripped from all aspects of the middle third of the shaft The 
bone 18 divided \nth lica\'j bone cutting forceps nnd a suitable 
length of the shaft is rcmo\cd and placed m saline The periosteum 
IS sutured the muscle la^c^s approximated and the skin incision is 
closed 

No subsequent immobilisation or restnction of weight bearing is 
nccessan In children the flbular shaft Qh\a\s regenerates after 
sub-penosteal resection and there is usuaUy some degree of re 
generation in adults Even if this does not take place however 
the removal of the middle tlurd of the fibula has no adverse effect 
on the function of the hmb 

nilUK 

Grafts can be cut from anv part of the ihac crest the antenor 
half being the most easilv accessible The pelvis is suitably tiltvd 
and fixed with sandbags and a skin inasion about two inches longer 
than the graft required is made over the subcutaneous margm of the 
crest Bleeding points arc ligatured and the wound is screened with 
skin towels There is no true pcnostcum on the ihac crest and the 
attached muscles arc separated from the bone bv sharp dissection 
men the crest is sufflaentlv exposed the graft is cut vnth a chisel 



42 BOXE-GRAFTIXG IX TIIEATMEXT OF ^J{ACTl]^:^ 

This presents no diffieiilty; the bone is so soft tliat it is quite 
unnecessary to use a saw. The first cut is made on the uppci aspect 
of the crest, the chisel being held parallel to tlic inner surface of tlie 
bone, and the thickness of the graft is determined bv the distance 
of this cut from the outer rim. A second cut is made on the outer 
surface of the ilium parallel and a suitable distance bclon the ciesl. 
which IS then divided at the extremities of these cuts The ‘waft. 
consisting of the outer part of the crest and the bone immediatelA 
below it, IS easily lifted from its bed The muscles which have liecn 
detached from the crest and outei aspects of the bone arc caicfulli 
approximated mth interrupted sutures of No 4 catgut and the skin 
IS closed Dressings arc applied and left in position for louileen 
days, when the skin sutures aie lemoved. No foim of immobilisation 
IS necessary and the patient is allovcd to begin ncight-beaiing 
two necks after the operation, 

PREPARATION OP GRAFTS 

Grafts aic kept in saline until the graft bed is picparcd. 33ciore 
insertion a graft is shaped so that it lies evenly in its bed. leaving 
no projecting spikes or sharp corners, A small vice attached to a 
wooden stand, both of winch aie stciilised bv boiling in the usual 
way. is invalualilc for holding grafts during the shaping jnociss. 
and I believe tiiat a graft can be more lapidlv and aecuratel} shajicd 
nith a coarse file than bv any other method (lug 3G) 

Tlbial grafts. — A tilnal graft consists of an outer k^nei of haid 
cortex uith a variable amount of soft cancellous bone on its innei 
surface The use of a correctly adjusted double sau should tiisUH 
accurate fitting when the inlav technique is used and sneli grails 
lequire little shaping Onlay grafts need not he cut to sueh an (‘\aet 
si 7 ,e. but the sharp outer edges of the coi lieal jiorlion must be lounded 
off and their ends must be fiatteiied so that the> do not jm.jeet as 
‘ steps"’ nhen the graft is in position It is ver\ iinpoilant that 
the sort innei hn er. nhieh has a high ostcogdiie value slu.uld not 
he lemoveil in an attempt rt) make the graft he fiat in its bed \ni 
cortical piojeetions sueh as occur nhen the san-eut has tneroielud 
on the crest oi jiostirioi eoHieal margin, are fimiiiMd oil mlh 
nibbliii" lore*! ps aiul tin soft (.unellous la\er is flat l< in el lu 
eompussmg the giafl uilh broad s. qinslium If.nips or m 

tin vie< .\n\ poi lions of sf.H bom u hie h bee onn fl( taeln .1 duriiw' 
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and pulp vration or grafts 

thi^ process nrc presen «! niul suliscqllciitls pneked nroimd tlic 
fmeture 

Tlbml pegl.— Corticnl ])crs nre tnniiRidnr on section nlicn cut 
from tlic tlbml crest If n Imnc mill is not nenilnblc tlic peg is 
pipped in tlic Mco mid rounded to the required size lutli n file A 
inctnl ruler with pndimtcd perfomtions is used to inensnrc the 
diameter of tlic pep 
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Slinplng the gmft which 1« held lo a storillscd vioe and ihaped with a file 

Flbolar gratts. — The flbulnr shaft is rougliJj tnangiUar on section 
\nth well marked ndges made b\ muscle attaclmicnts The outer 
cortex IS liard smooth and rclahiclj impermeable to capillary 
g^o^vth The graft is shaped to flt its bed with a file the outer 
cortical layers being reino\cd or roughened to faahtatc rc\ascular 
isation 

Hiao grafts — Ihnc grafts are very soft and eosih worked but 
tend to crumble or break dunng preparation These grafts are 
curved due to the shape of the ibac crest and for this reason are 
rather difficult to shape satisfactonly Tins also applies to iliac 
bone pegs and considerable care is ncccssan to a\oid breaking these 
pegs dunng their preparation 

“ Bofled ” grafts — On several occasions I have seen grafts boiled 
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for a few minutes before being inserted. Their subsequent bcha\ lour 
was apparently normal : there Mas no delay in union or in incorpora- 
tion of the graft. 'While I do not advocate boiling as a routine 
measure, I consider that such cases prove conclusively that an 
autogenous bone-graft does not live and “take.’* and that the heat 
produced by cutting vath a bone-sau or by filing has no important 
influence on the efficacy of such grafts. 
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FRACTURES OF THE SPINE 

T he results of trcntnicnt of fmcturcs of the spine b\ consenotne 
methods nrc in general excellent The essential features of 
treatment arc reduction In postural methods, imnioliihsntion 
in a plaster jacket and graduated exercises to build up a strong spinal 
musculature Surgical arthrodesis of the spine is oecasionnlh 
cmplosed as a late measure iisimlK to rcltc\e pain nhich is 
far the commonest source of disabilit) after these injuries 

Tlic l\pes of fracture comnionl> associated xMth subsequent 
disabihts are casih recogiused and there is considerable cMdcncc 
to show that in sucli fractures the pcno<l of treatment is substantiallj 
reduced and ultimate results improsed if reduction is combined 
immediate arthrodesis of the spmc 

FKACTtmES m WHICH IBQIEDIATE ABTHEODESIS IS DTOIOATED 
1 Comminuted fracture of vertebral body with rupture of Inter- 
vertebral disc. — About ten per cent of vertebral bod\ fractures in 
whicli there is no spinal cord injurj nrc of tins tjqic A localised 
flexion force impacts tlic bodj of one sertebra on the vertebral bodj 
below with sufficient violence to produce o comminuted fracture of 
the lower bod\ and a rupture of the inters ertcbral disc between with 
consequent narrowing or obliteration of the intervertebral space 
(Figs 87 and 88) 

The reduction of such fractures bj hypcr-extension of the spmc 
is commonh imperfect the shape of the comminuted -vertebral 
bod\ IS not restored to normal nor is the intervertebral space fullj 
opened up (Figs 89 and 40) After reduction a prolonged penod 
of immobilisation is necessary to permit consolidation of the vertebral 
bodv and it is doubtful if hcabng of the ruptured disc ever occurs 
A lugh proportion of these fractures arc followed bj persistent 
local pain becoming worse after exercise In some cases a bon> 
ankvlosis between the verttbraj bodies occurs spontancouslj and 
when this ank\ losis becomes sohd pain is reliev ed 




Fig 37 Fu, 

Fjg': 37 and 3S — A comminuted fiactuie of a \ci(ebial b()d\. uith 
obliloiation of tlio mlcr\cilcbial space )mmedi.it(*l\ above 
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Fia 41 — An Intervertebral cllelocatlon with interiocked articular pro cemc e. 


Pia 42 — The dlalocatlon flhovrn in Fig 41 alter open reduction and 
arthrodecie 


2 Fntotnre-diflooatioiia with locking oI artioular processes and 
withont ipinal cord injury — Intervertebral dislocation ma\ be 
accompflnied by mterarticular dislocation without fracture of the 
articular processes (Fig 41) In these circiunstances an\ attempt 
at mampulative reduction is dangerous Not onlj docs locking of 
the displaced processes render reduebon bj manipulation CTtremelj 
difficult but any movement of the spine tends to increase the 
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intervertebral displacement and stretch or crush the sjiinal card or 
cauda equina. 

Operative reduction is indicated and consists of cxposmrT and 
excising the ascending articular process of the lower vertebra on the 
side towards which the spinous processes of the iippei segment of t lie 
spine are displaced or rotated. This removes the bony obstacle to 
reduction, which can then be effected by gradual hyper-extcnsion of 
the spine. 

Removal of tins articular process permanently disorganises tlie 
intervertebral articulations, and. provided there has been no s]imnl 
cord involvement, should be followed by local arthrodesis of the 
spine (Fig. 42). 


X-- 


X-- 


---X 


PRINCIPLES OF OPERATION 

The aim of operation is to immobilise permanently tlie affected 
area of the spinal column by producing a bony block between the 
neural arches of the vertebrae involved. This is done by the intio- 

diietion of two bonc-grafis 
into beds prepared on the 
posterior surface of the 
laminae and lateral aspeels 
of the spinous pioeesscs 

The length of spina! 
column which should hi* 
arthroflescd is imporlanl. 
.An arthrodesis is ine(T(eli\e 
if too short, and if too long 

TJie sjlc of tlio paft /jnd Die urea of ^pme \o permanent 1 > rt diK ( s spina! 
be .'iitbrodcsod in a connuiiuitcd fi.ictuie (A) mo^CInent. Moreover, if to(» 
and in a fracluic-dislouUion (It) ,( ,„jiv 

sniiseqiienth' lie fiactnred In imiselc action 

It IS essential to realise that the centre of an arthrodesis should 
be an lutervcrteliral space and not a %crfcbral I)ofl\ In (ominmuli d 
fiactures the immo!)ilised .ire.i is centr.d around Ha space lu wlueh 
tin disc lias been ruptured, m fr.u-tun -dislm at ions around tl.nl 
Ihroiiiih whuli dislocation 1ms oecurnd \n adequad urlhrodt i- 
inejiuh s t w o \ ( rt< lira on ( ach sidt nj tin aftei ti d spaei . I Ins int au 
lliat .1 signimit ol llu spm.d eohunn cousislmg o) loiir y rlilira and 
thrte int( r\< rtelir.il spaces is nnniolnlisi d (I ig. t4) 1 his doi s not 
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scnoiish ini|Miir tlic niobililN of the spme ns n vliolc nnd docs not 
cntftd the use of gmfts lon/» cnotipli to he linhlc to suhsequent 
fracture 

PBE-OPERATIVE TREATMENT 

Adequate tempornn inunobiliMitioii of tl>e spine sliould he 
cstnhlislie<l ns soon ns possible nftcr injun This is best done h\ 
means of nntenor nnd posterior piaster shells comminuted fractures 
being inimobihse<l in extension nnd fracture dislocntions in the 
neutral position 

As ^\^th an\ other sus|>ecte<l spinnl injur\, on ndnussion to 
hospital the pnticnt is nursed flnt on the back in n lied sntli n thin 
mattress inndc rigid b\ fracture bonitls llndiogmphs can be tnken 
\\itlioiit mo\nng n pnticnt from bed or e\en nltcnng his j>osition 

hen the diagnosis has l>een estnbhshcd tlic patient is taken to 
the plaster theatre on his l>c<l In comminuted fractures the spme 
IS gradunlh extended 1)\ placing snndbngs under the pnticnt nt tlic 
lc\cl of the fracture in fracturc-<bs!ocntions this mnnoeu\'rc is 
omitted 

A \rcll padded anterior plnstcr shell extending from the top of 
the sternum to the lower thml of the tliighs is constructed "^hen 
tlic plaster lias set this shell is applied tlic pnticnt is rolled on his 
face and n similar postenor shell is constructed 

The patient is subsequenth nur»>c<I either in the nntenor shell 
which permits prc^jperatirc skin preparation and prevents the 
dcs clopmcnt of pressure cliaiigcs of the skin of the back and buttocks 
or in the postenor shell winch is rather more comfortable It is 
generally convenient to use the postenor shell at night and the 
antenor shell for long penods during the daj 

Operation is earned out when the immediate effects of injury 
have subsided 

LOOALISATIOK OP LEVEL OP I NJUR Y 

It can be 8iirpnsingl> diillcult to localise the level of injury during 
the actual operation and any error results m the graft being placed 
too high or too low 

As lias alreadj been pointed out. tlie centre of the arthrode«cd 
area of the spme should be an mtervcrtebral space The centre of 
the graft should therefore he between the spinous processes of the 
vertebrte immediatch abosc and below tlus space and the graft 
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should be in contact with four processes. It must also he reinenihered 
tliat because of the relative positions of the bodies and spinous 
processes of tlie vertebra? tlic centre of the jjrafl lies al a lower le\el 
than the affected intervertebral space (Fig. t.3). 

On the day prior to operation the patient is placed in the anterior 
plaster shell and an attempt is made to localise the level of the 
lesion by clinical e.xammation Tlic usual surface markings are 
utilised and it is also hcljiful to remember tJiat in eommiiuited 
fractures the most prominent spinous process is that of the vertebra 
immediately above the affected disc, while in fracturc-disloeations 
it IS that of tlic vertebra immediately below. Two Mieliefs skm 
clips aic placed about an inch on each side of the middle line opposite 
the space betw’cen the selected spinous processes, and clips are placed 
opposite the corresponding spaces above and below, .\n antero- 
posterior radiograph is taken the coricct lc\cl is ascertained, and the 
incorrectly placed clips are removed The eoirectly jilaeed elijis an 
left in position in the skin, and serve ns a guide during ojieration, 

OPERATIVE TECHNIQUE 

The patient is placed on the opciatmg table m the jiostenoi 
plaster shell, as this position affords eas\ access to the tibia Two 
grafts about four-and-a-half iiiclies Jong and half-an-meh wide an 
cut from the subcutaneous surface of this bone When tin* iiieisiou 
has been sutured and a jircssurc bandage ajijilied the anterior shill 
IS placed in position and the patient is turned face downwards on 
the table 

A central vei tical skin incision is made o\ or t la tips of t la spmoiis 
processes of six veilebne. the centre of the incision being ofiposili 
the maiking clips Illeeding points an hiralund and the wound is 
seieened with skin towels Two \eitieal incisions an niadi fhrouf,di 
the fascia immcdiatth on the outer side of the sjnnoiis pioeissts so 
that a thin strip of fascia is hit iiilael o\cr I la sc pro< essi s and flu 
inlt 1 spinous liganants .\ broa<l-b|ad< d ehisi I is used to sipir.in 
the iiiuscie .ittachnu nts from tia lafi lal aspeds of tlie spinous 
proei ss< s and f he post! nor siirfaei s of lla lamina ,\s(lu slripjane 
profceds swalis an lirniK pack* d bilwiui fla musi 1. s and I la 
exposed boiu to pre\«nt ha niorrhagi . and b\ sf njipinR and p n J m;- 
.dlinialils hlth blood in i d la lost <lurino t his proi i ss 

\Manlla posl« nor asp. « t s of f la la ur.d areh. s of f In im*’ 
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fou^^c^tcb^L lm\c l>ccn cvposcd the packs arc rcino\c<l and bleeding 
points arc coagulated Antb a dintlicmis TIic muscles arc then 
retracted with a double blnde<l self retaining retractor so that the 
posterior aspects of the lanunic aiul the articular processes arc 
exposed 

In fmcturc-<hslocntions reduction must lie effect wl before preparn 
lion of the graft IkhIs The mtcrlocked articular processes arc 
cnrcfulh identified The ascending articular process on the side 
to uhich the spinous jiroccsscs of the upper segment of the spine 
arc displacctl or rotated constitutes the l)on\ block to reduction and 
can lx: recognised b\ the exposed articular cartilage on its postero 
lateral aspect Tins jiroccss is removed coinplctclv after which 
reduction is cfrccteil bv gentiv lifting and rotating the shoulders 
rc<luction is complete pillows arc plnctnl beneath the cbcsl to 
support the spine in luodcmtc extension 

The graft l>cd is prepared b\ roughening the lateral surfaces of 
the spinous processes and posterior surfaces of the Inminrc vMth a 
chisel or file ^^^lcn the superficial cortical bone has been tliorouglilv 
broken up the grafts arc plnec<l uith tlicir medullan surfoccR facing 
the angle made b\ the Inimnrc and spinous processes, and all the 
available bonv fragments arc packed around them Fixation is 
secured b\ suturing the spinal muscles back in position and the skin 
wound IS closed 

Strips of half inch felt arc placed on each side of the incision to 
protect it from pressure and bonv prominences arc padded with 
adhesive felt The patient is slid upwards on the table the Iiead 
and shoulders being supported bv two assi^iits until the upper end 
of the table is in contact with the upper third of the thiglia and the 
anterior shell is removed Bv raising tlic head and shoulders above 
the level of the table the spine can be extended to an> required 
degree and if anj lateral angulation is present it is corrected bv 
traction on an encircling loop of bandage placed at the level of the 
fracture 

A plaster jacket is applied cx-tending from the top of the sternum 
to the sjTuphv SIS pubis in front, and covering an adequate area of 
the lumbo dorsal region behind As soon os the plaster is firm the 
patient IS returned to bed one or two pillows being placed behind 
the postenor concnvitv of the jacket 
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POST-OPERATIVE TREATMENT 

TJie immediate post-operative period is not usually compliented 
by any very severe reactions. Shock is treated b\ morphia, heat, 
and. if necessary, by intravenous saline or plasma. Pam is controlled 
by sedatives. Abdominal distension is relieved by cnemata and In 
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Fk.s il niid l.'j — 'J'lie fiacl uio slioM n in F'jf.'v ."17 and 'IS fmii nionUi'* 
afloi fonilnncd loduclion and arf fiindesm (AJ(/KMij,di (/a* di''<>f>'ant'-<'d 
inter \ ci If’bral articulation has Jicen ininiohiJi‘-ed J tiunk that it iw.iiM 
ha\c hc(‘n an ad\antape to extend lla* aitliiodem'd aiia t<> im hah 
tlie int<'i\er(ehjal Himre liejow ) 

niirsin^r the patient face donnnards for an hour or t^\o at n;;alar 
intervals 

A v<ck after ojieralion ^iraditafi'd sjmial < \( reis< an iHtfim 
m Ik d. particular nttentton bcint: jiaid to d(\(Iopm;i fin i \fMi'’Or 
musculature. 'Phese <\trcises are mrni d out nt'iilarh and .m an 
rsscntial batnre of truitnunt. 'J'ht [uitnnt n abo iinoiirafd t*' 

nmsr al)out trtfh m lx il and to alfr r position fr< 'pn nth 

I{arho;/rapIis an tahin a f< u da\s aftt r o|ar.ittotK 'on! 
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scqucnth nt rcpular intcn’nls so tlmt m\\ tcndcnc\ to nltcmtion in 
the position of the spine nin> be detected 

ciplit bcnnnp is stnrtc<l six Avtcks nftcr opcmtion in coni 
minutwl frocturcs ond three to four necks Inter m fmeture 
dislocations 

Pronded the piaster jneket rcnmiiis efrccti\c it is left nnchnngcd 
until the nrthrodcsis 1ms consolidnted Should it become loose nnd 
require clmnping enre is token to n\otd re displnccnicnt during this 
process 

Four months after operation the plaster jacket is rcnio\cd 
Radiographs arc taken an<l if the grafts arc soiindh incorpomtcd 
immobilisation is discontinued (Hgs 44 and 45) The patient con 
tinues extension exercises for two weeks when further radiographs 
arc taken If these show no chongt nn<l if no untoward SMiiptonis 
ha\c followed cessation of immobilisation flexion exercises arc 
commenced nnd a gradual increase in nil actiNntics permitted 

^^’ltll an cffcctuc s\stcm of spinal exercises nnd graduated 
nctl^^t\ such a.s is practised in an organised Rclmbihtntion Centre 
the power and mo\cmcnt of tlic spine should be normal about two 
months after immobilisation has Iiccn discontinued altliough as is 
to be expected tlic rate of rccostrj \anos somcnlmt with tlic age 
and general condition of tlic patient 
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CHAPTER 


FRACTURES OF THE CLAVICLE 

A lthough reduction is frequently imperfect, and immobilisa- 
tion far from mechanically effective, fractures of the clavicle 
almost always unite rapidly 

The results of conservative treatment of these injuries are so 
good that operative measures are seldom necessar 5 ^ 

INDICATIONS FOR BONE-GRAFTING 

1. Fracture of the shaft of the clavicle with established non-union. 

— Occasionally a fracture of the shaft of the clavicle fails to unite 
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A SLX-months-oId un-united fracture of the clavicle 


The fracture surfaces are separated by fibrous tissue which becomes 
organised, and sclerosis of the bone-ends follows (Fig 46) This may 
occur m simple fractures, possibly as the result of interposition of 
muscle between the bone-ends. More commonly non-union follows 
the removal of too much bone at the initial debridement of compound 
comminuted fractures Strangely enough, non-union is not un- 
commonly seen after division of the clanclc in the surgical exposure 
of the brachial plexus or axilla 
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Once non uniou Iiqs become cstiiblislic<l immobihsntion nlonc is 
of no ^nIuc ond bone graftinp of the fnictiire i% indicntcd 

PEACrniREB m which BONE-GKAFTIHO is KOT DTBICATED 

1 Un-united tractnres oi the outer end ol the clavicle— ^ot 
unconmionh fmcturcs of the extreme outer end of the shaft of the 
cln^^cle fail to unite It is unncccssarv to lx>nc graft these fractures 
m an attempt to produce luuon os ss mptoms arc complctch relies cd 
l)\ tlic mueh simpler procetbirc of excising the small outer fragment 

PRE-OFEBATIVE TREATMENT 

As a result of previous immobilisation clasnculnr fractures in 
which bone grafting is indicated arc usualU associntctl with con 
sidcrable hmitation of shoulder mosement If immobilisation has 
been cfTceted b> a technique cnloihng strapping the arm forearm 
and hand to the bod\ there lno^ also be stiffness of the elbow unst 
ond fingers 

Permanent disabihU particulnrh m older fiatjcnts is much more 
likcl> to rcsidt from stiffness of these joints than from non union of 
the fracture 

Before operation for non union is contemplated all forms of 
immobdisation should be discaixlcd and active exercises of the stiff 
jointfi instituted These should be continued until a full range of 
Anger WTist and elbow movement and acti\c abduction of the 
shoulder to more than W> degrees arc regained It is not usualh 
possible to achieve a full range of shoulder mo\ ement lu the presence 
of an un united fracture of the clavicle but if active alnluction to 
more than a nght angle is present before operation there 15 a reason 
able prospect of regaining fidl movement after union has been 
secured 

Skin preparation is earned out in the usual naj, the area of skui 
prepared including the neck, shoulder and axilla 

METHOD OF OEAFTIHG 

Various tcclmiqiies for grafting ha^e been described A small 
graft maj be inlaid across the fracture on the subcutaneous surface 
of the davidc or onlnj grafts mat be appbed to the rabciitaiicous 
postenor or antero-mfenor surface* of the bone 

Since it 18 possible to cut onlj a comparative!} small rectangular 

5 * 
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slot in the cla^^cle the size of the inlay graft Avhicli can be used is 
strictly limited. Such grafts are very liable to subsequent fiacturc 
and do not produce adequate intenial fixation. 

Onlay grafts placed on the most easily accessible that is, the 
subcutaneous, surface project beneath the skin and produce an 
unsightly prominence The posterior surface is difficult of access, 
grafts placed on this surface are not easy to fix, and may sub- 
sequently produce symptoms by pressure on underlying structuics. 


0 
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Fig. 47 

The graft fixed in position with screws (A), as indicated in diagi'am (B) 


The simplest and most effective technique consists m placing 
an onlay graft on the antero-mferior aspect of the clavicle (Fig 47) 
Although this surface of the bone is narrow, grafts so jilaccd 
do not project beneath the skin and can be fixed firmly vith 
screws. B)'’ cutting a suitably-shaped bed it is possible to effect 
stable fixation with a stout giaft by this technique. 

TECHNIQUE OP OPERATION 

The clavicle is most accessible Avith the patient supine and resting 
on a small sandbag placed between the shoulders, tlie head being 
turned avay from the affected side 

The skill incision is made imnicdiaicly above the clavicle, so that 
the subsequent scai may lie m the siipra-claviciilar hollov ivlieie it 
IS less obvious, and extends foi about tuo-thirds of tlic length of 
the bone The skm and plalisina muscle are dnided. hh edmg 
points arc ligatured, and the vound is sciccned vitli skin towels. 

The periosteum is incised along the centre of the subentaneons 
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sxirfftce of the cln\’icle, and is gtnppcd from the anterior and antero- 
inferior ospccU of tlic bone Stripping is continued m tlie region 
of the fmeture until the hone-ends arc exposed, care being taken to 
avoid tearing the pcnostcum >\hcrc it is adlicrcnt to the fracture 
hue 

A\ hen the bone-ends arc exposed t\ic> arc cleared of fibrous tissue 
and “freshened ’ It is essential to nsoid remonng the bone too 


Fio 48 

The Crocture iliowii Ui Fig 40 four inoothe after grafting 


freely dunng the freshening ’ proccM or it mil be found impossible 
to bnng the fractured surfaces into apposition 

The fracture is reduced and the graft bed is prepared on the 
antcro inferior surface of the clavicle with a chisel A tibial graft, 
about two and a haK inches long and rather less than half an incli 
wide IS placed in position and held with bone clamps The graft is 
fixed to the clavicle with screws one screw being placed in each 
fragment (Fig 47) and the bone chips arc packed around the 
fracture and graft or used to fill m anj defects which ma\ be 
present 

The pcnostcum IS sutured the platjsmn is repaired and the skin 
incision IS closed 


5 ** 
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POST-OPERATIVE TREATMENT 

Immobibsation of the fractured clavicle is notoriously difficult. 
The number of methods described is certain c%’idcnce that no single 
one IS entirely satisfactory. 

A plaster shoulder spica is the most effective method after bone- 
grafting The bod 3 '^-piece of the spica is applied fort 3 ’--cight hours 
before operation and it is completed when dressings have been applied 
to the wound, the arm-piece being lightl}'' padded mth avooI 

The arm is immobilised with the shoulder in 45 degrees of 
abduction, of flexion, and of internal rotation, the elbow being in 
90 degrees flexion 

The spica is retained until the fracture is consolidated (Fig 48). 
being changed when necessary. 

Union of the fracture is to be expected in from eight to twelve 
weeks ; although, if bone loss has occurred, a penod of some months’ 
immobilisation may be necessary to permit complete consolidation 



tnAiTrn ’\^II 

feactuees op the humerhs 


A COJIPARATn'EL'i snioll proportion ot fractures of tlic 
humerus rcriiurc operative trcatiucut 

PEACTOBES IS WHICH BOKE-QRAFtWQ IS IKDIOATED 
1 Fraoturej ol the humeral ahalt with delayed union or establiahed 
non-union —Jlost tspe, of fracture of the humeral shaft unite 



Fia 40 Fiq 60 

Fioa 49 ftnil 60 — A tranai-OTWO fmeture of the 
humeriJ »b»ft after oiiteeii wc«t« ImmobQiaatloiv. 

■nKTC TTOB no clinical or X my eridonco of unloa. 

rapidlj in spite of imperfect reduction or mcjomplctch effective 
immobibsation In tromverse fractures about the junction of tbe 
middle and lover thirds, liovevcr union niaj be long delajcd 
(Jigs 40 and 60) This is probably due to the cutting off of tlie 
blood supply to tlic lower firngment and if established non umon is 
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to be avoided, such fractures must be effectively immobilised for 
very long periods Union can usually be secured by conservative 
treatment alone, but tins entails immobilisation in a complete 
shoulder spiea for from six to twelve months. This period can be 
greatly reduced by timely bone-grafting in suitable cases (Figs. 51 
and 52) and if a transverse fracture shows no clinical or radiological 



Fig 51 Fig 52 

Figs 51 and 52 — The fracture shown m Figs 40 and 
50 three months aftei hone-grafting 


e%ndence of union after three months effective immobilisation in a 
shoulder spica grafting is indicated 

Grafting is also indicated in all such fractures in vhich non-union 
as shovn by sclerosis of the bone-ends has become established 
(Figs. 33 and 54) 

Union is also commonly dclavcd in fractures of the exlrcint 
lower end of the humeral shaft This tvpc of fracture about an incli 
above the site of the supraconds lar fracture, is uncommon and is 
often the result of a gunshot wound An un-unitcd liacture in this 
region is usuall}' associated with damage and stiffness ol tin eliiow 
joint and constitutes a very severe disability (1‘igs 51 and .><>). J lit 
function of the arm is so poor that it is justifiable to secure iinnai 


Fio U Fio 64 

Fiob 03 nod 6 1 — A two ycniB-old frncturo of tho ImineriLl shrift 
Id uhlch non union U osUbllshed- Four monttrt afl^r Injury this 
fmcture wuj RTuftr^l an Intrornedullary Rmfl being u»od The 
remain* of tUto (craft- can still bo eoou In tbe racdullarv cnrlty of 
both fm^mont*. 



Fio 66 Fiq 50 

Flos 66 and 60 —An un united fracture of tLo loTrcr end of the humeral 
shaft following a gunehot wound 
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by bone-graftmg (Figs 37 and 38). even if there is little prospect of 
restoring more than a few degrees of elboir movement 



Fig 57 Fia 5S 

Fios 57 and 5S — The fracture shown m Figs 55 nnd 56 foui months after 

bone-graftmg 


FRACTURES IN WHICH BONE-GRAFTING IS NOT INDICATED 

1. After open reduction of fractiu’es of the neck of the humerus. — 
Open reduction is occasionally necessary in fractuics of the neck of 
the humerus (Fig. 59) Once secured, reduction is stable and, as 
Pulvertaft ^ has pointed out, no form of internal fixation is ncccssaiy 
(Fig. 60) Various techniques for bone-graftmg sucii fiacturcs liaAc 
been desciibed. tlie use of an intramedullary peg being the inclliod 
most commonly employed. Such procedures aic unnecessary and, 
in the case of iiitramedullai,y grafts, harmful 

2. Fractures of the humeral neck with estabhshed non-union. — 
Established non-union of fractures of the humcial neck is extuinel) 
uncommon, and is usualh' the result of too early niolnlisation ol such 
fractures Treatment consists of exposure of the fracture thoimigh 
removal of all fibrous tissue nnd sclerotic lione, rifhuliou atul 
impaction of the bone-ends, and subsequent immobilisation in an 
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Flo GO Fia 00 

Fia 50 — A KeekjHold fracture of tho hamcrnl oecl. In wblch attempts 

ot rodttctloQ by mantputailon bad failed 
Flo 00 — Tbo &mctare abcm-n In F5g 50 ten weeks after open reduction 
without iAtenMd Qxatlon. 



Fio 01 Pjq 02 

Fiaq 01 and 02^An oblique fmeture of tbfi hnmerfllalinft with a 

loose butterfly fragment. 
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abduction spica. The results of treatment on tliese lines arc entirelv 
satisfactory and bone-grafting is unnecessary. 

3. Spiral fractures of the humeral shaft— In spiral fra etui cs oi 
the humeral shaft, especially those in which there arc loose 
butterfly ” fragments, accurate manipulative reduction mav be 
impossible omng to the sharp ends of the bony fragments being 



Fig 03 Fig OJ 

Figs 63 and 04 — The fractuie shoAvn in Figs 01 and 02 eight i\ccks afloi 
injur}’’ Tlie callus formation is obvious 

embedded in adjacent muscles (Figs. G1 and 62) Such fractures 
unite readily, hoAvever, and operative reduction and bonc-grafliiig is 
unnecessary (Figs. 63 and 64) 

PRINCIPLES OF OPERATION 

In any fracture in vliich tlie blood supply to one fragment lias 
been cut off union is slow even after bone-graft ing, and inadequate 
grafting mav fail to produce muon 

Completely effective internal fixation and a large graft an 
essential in tins tvpc of fracture ol the humeral shaft. It is t \l n m< h 
diffieult to jiroducc absolute immobilisation ol sneli Iraeluri'' 
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c'ttcnml IVxnt\oT\ alowc Tl\c bod\ p*ccc of the best slioultlcr spicn 
tends to become loose and permit n little mo\emcnt of the shoulder 
pirdlc Conscqucntli strains are tronsinittcd to tlic fracture and 
some ino\xnicnt lx;ti\cen the frrtgnicutft tends to take place If 
internal fLxation is inadequate nw\ cnicnt occurs and union is dcln\ cd 
and if fixation depends on a small praft these strains mas produce 
fracture or absorption of the graa at the fracture line These 
coniphcatioTis are presented bs the use of a large onlas graft which 
IS firniU fixed on the anterior aspect of the humeral shaft b\ screws 
(Figs 51 and 52) Before reduction the bone ends are coniplctch 
cleared of all fibrous tissue and sclerosed bone and bone fragments 
are packed around tlic fracture when the graft is in position 

This tcehmquc is suitable for all fractures except those of the 
extreme lower end of the luimcml shaft Here the fracture cannot 
casiU be exposed In the anterior approach, and it is mote snUsfnttorx 
to cmploi onlas grafts applied to the posterior aspect of the bone 
(Figs 57 and 58) Owing to the shortness of the lower humeral 
fragment mucli smaller grafts arc used but since these fractures arc 
much more casds inimobihscd b> external fixation the grafts ate 
not «ubs€qucDtl\ subjected to nnv ven severe strain and arc qiute 
adequate It is often possible to use two grafts one fixed to the 
postenor aspect of each cpicondjle for these fractures 

PRE-OPERATIVE TREATMEKT 

Fractures which have alrcndj been immobilised for a very long 
penod arc associated with considerable stiffness of the elbow and 
shoulder and with trophic changes of the skm Before operation it 
IS usually safe to discard all forms of fixation except short medial 
and lateral plaster slabs for a short penod The arm la supported 
in a simg and active movements of the elbow and shoulder art 
practised 

The skin of the arm usually returns to normal in a week or ten 
days when the usual skin preparation can be commenced 

TEOHHIQUE OF OFERATIOH 

1 Fraotnref ol the hnmeral shah —A graft between four and a 
half and «ix inches long and an inch to an inch and a-ijiiartcr wide 
IS cut from the subcutaneous surface of tlie tibia prepared in tile 
usual wav and stored in anhne 
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The sliaft of the humerus is best exposed by the anterior apjnoaeli 
deseribed by Henry 2 No tourniquet is used, as it is impossible to 
obtain an adequate exjjosurc witli a tourniquet m jiositioii, 

The forearm and arm are eovered ^Mth stockinet in the usual 
wav, tlic arm is slightly abducted and placed on a nariov table. 
The elbow is extended as fully as possible, the forearm hcimi 
controlled by an assistant. 

The skin incision commences in the dclto-pcctoral gioove at the 
level of the lower border of the anterioi axillary vail, follovs this 
groove to the insertion of tlie deltoid, continues downward follovmg 
the outei edge of the biceps, to the centre of the antccubital fossa, 
and ends by extending a few inches doAvn tlic mid-line of tlic flexor 
aspect of the forearm This incision follows the course of the 
cephalic vein and several branches of this vessel rcquiie ligation. 

The deep fascia is divided 111 the line of the skin incision and Die 
medial bolder of the deltoid and the lateral border of the biccjis aie 
identified The biceps is retracted medially to expose the insertion 
of the deltoid and the origin of the brachiahs extending upvards in 
front of and behind this insertion 

The humerus is cut dovn upon along the medial border ol the 
deltoid and this cut is extended downwards, dividing the biaeliialis 
below the deltoid insertion The outei fouith and inner tin cc-fourtlis 
of the brachiahs arc separated by tins incision. nliicJi is earned dovn 
to within an inch of the level of the epicondylcs. eomplctch dniding 
the muscle and periosteum Bleeding points arc ligatured the elbov 
IS flexed, and the humerus is exposed in the depths of the vouiul l)v 
letraction. 

The periosteum and brachiahs attachment aie stiqijied lioni the 
humerus vith an elevator Stripping is eommciieed imiiiediateh 
above and bclov the fracture and is continued upward and donna aid 
until an adequate amount of the bone is exposed 

The musculo-spiral nerve is not seen diiiing tins e\j)osui( la mg 
cairicd outvard and protected Irom tlie elevator bv tin outei slnj) 
of the braelnahs. This neive can he exposed, il required, vlaie it 
lies behind the braelnahs an inch bchm the insertion of tlie dtlloul 
Boiu spikes slipped betveen the bone and jienostdim aet as 
retiaetois and vhen the elbon is flexed tin vound ean he nid. h 
o]K lied up. eompletely < xqiosmg^ the fraeture. 

All filirous tissue and selerolie liom an remo\(d from tin bt.in - 
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eniU and the fracture is reduced The graft bed is prepared Qn the 
anterior aspect of the liumenis inth a chisel tlic graft is placed in 
posiUoii and 18 Iicid inth damps (Fig OS) The graft is then fli-cd 
in position mlh screws and hone Cmgnieiits arc packed around the 
fmeture 

Tlic pcno^rtctmi nud brachiftljs nrc nppro-vminlcd mti tbc gwvvt 
with iiitcmipted stitnrea the deep fascia is siitiinnl and the skin 
WQUIUl IS closed 



ria 05 

Hie graft In poelUon Tdth clompa pT4or to Hxntlon triUi screvra. 


Tlic anil and Corcami arc iminol)iliJ»cd in a irell padded plaster 
extending from the shoulder to the ivnst, the clhov. hemp m about 
90 degrees of flexion and the forenmi m mid position 

2 Frgoturea ol the lower end of the bomeral ihalt-— Tiie patient 
IS placed face downnords on the operating table and tlic arm is 
supported on a separate table mth the clbon os full\ extended as 
possible No tourniquet «. u-sed 

The incision extends upwards from the tip of the oleemnon 
process for about sue inches 

The first step m operation is to identify and retract the ulnar 
nerve The sLin and subcutaneous tissue arc dissected off the deep 
fascia on the medial side of the masion until the nene is exposed 
as It lies behind the medial epicondile The nerse is mobihsed and 
gentl> retracted medinlwards 

The tneeps muscle is tlieo divided m the line of the skin incision 
This muscle is retracted the penosteum is incised m the same hne 
and IS stripped from the bone, exposing the fracture and the 
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little place in the treatment of post traumatic joint stiffness and 
massage and passive movement arc nctneh harmful particularl) in 
the ease of the clbov 

It must be remembered that dcln^ in the later stages of reco\ erj 
is often more apparent than real A twentj per cent decrease in 
limitation of movement at this stage inaj onlj be represented bj an 
mereasc of two or three degrees in the range of mo\cmcnt wlulc in 
the earh stages a similar inipro\tnicnt is represented b\ an increase 
in range of twent\ or thirt\ dcgrceJi This must be pointed out to 
the patient who is encoumgetl to persist assiduoiisK mth the regular 
active exercises vhich are the onl) clTcctivc means of rcstonng joint 
movement 

REFERE^CES 

1 Palrprtift R Got Opui Btdueilon of PnKimrtt of \nL 0 ^ At Ilmmain Aupcrmid 
to the Brft Omi Amoo^ N<rtthigt*m SrptunUf IW* 

* Henry kraoyXK^ Ezponm oi Long Bout and Other Burvital iIf1kod4 pp 3-fi J Wriirfat 
* Bon« Bristol, 
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CHAPTER IX 

FRACTURES OF THE RADIUS 


M ost fractures of the radius occur close to the upper or lower 
extremities of the bone, and bone-grafting has no place in the 
treatment of these injuries. Grafting is, however, indicated 
in some types of fracture of the radial shaft 

INDICATIONS FOR BONE-GRAFTING 

1. Fractures at the junction of the middle and lower thnds of the 
shaft, with subluxation of the inferior radio-ulnar jomt. — The most 



Pig 60 Fig 67 

A fracture of the radial shaft with a gross dislocation of the 
mfeiior radio-ulnar joint 

common site of fracture of the radial shaft is the junction of tlic 
middle and lower thirds Provided the ulna remains intact overlap 
of the bone-ends can occur only if there is an associated dislocation 
of the inferior radio-uliiar joint, and this dislocation is almost in- 
variably present (Figs 66, 67, 68, and 69) The triangular fibro- 
caitilage is avulsed, Avith or A\ithout a fracture of the ulnar stvloid 
process, and the Avhole hand and carpus is displaced upvaids amUi 
the lower fragment of the radius Accurate reduction of the fracture 

70 
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cau be secured onl\ in n.ssocmtion Tvith complete rcduetioii of the 
dislocation and rciluctions of both fmcturc nnd dislocation arc 
ncccssan if subsequent disabihtx is to be asTaded 

The results of conscnntnc trcntnicnt arc unsatisfnctors in a high 
proportion of cases These fractures arc %cr\ unstable nnd although 
adequate reduction can usunlh be secured b\ manipulation pronded 
this IS earned out ^\^thln a fen dn\s of itijiin it is often inqxissible 
to mnmtain reduction b\ nn\ form of cvtcmnl fixation 



Fio 08 Fro 00 

\ fracture of the redial aliAft with dlB]ocjUk>D of tbo 
Inferior radio-ulnar Joint, Tho dlaplaceniont maj* awn 
trirlal bat xmloaH reducMon la accurate nod the Joint la 
reatored to normal aubacquent dianbility la Inevitable 

In transverse fmctiircs it is justinabic to attempt treatment b\ 
simple manipulation nnd subsequent immobihsation m plaster 
Reduction of both fracture and dislocation must be accurate nnd 
frequent radiographs arc subsequently nccessan to ensure detection 
of rc-displacemcnt mtliout delay Shoidd re displacement occur 
open reduction and internal fixation is indicated 

Immediate operatise treatment is indicated in oblique or 
comnunuted fmcturc-s 

The essential features of adequate operative treatment are 
accurate reduction and meclmmcalh stable internal fixation 
Fixation b\ means of tmnsflxation screu's is not usuall\ adequate 
and although good results can be obtained using ^ntallium plates 




Fig 70 Pjg 71 

The fracture shown m Figs 68 and 69 six months after 
open reduction and graftmg 



Fig 72 Fig 73 Fig 74 Fig 75 


Figs 72 and 73 — A tA\ o-niontlis-old fracture of the ladiul shaft The 
fincture has not been accuiatelv i educed and tlie mferioi ladio-ulnai 
joint remains dislocated This position should nut have been accepted 
Figs, 74 and 75 — T]ie fiactuie shown in Figs 72 and 73 aftei open 

reduction and grafting 
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and scrcns 1 conMtlcr Uint the most sutwCftclon mcthwl is to cmp\o\ 
a stout onln\ gmft AxckI in position AvitU scrcus Fffcctnc profting 
produces stable fixation and ensures rapid union of tlic fracture 
(Figs 70 and 71, 74 and 75) 

These fractures ma\ not present tlicniseh es for treatment until 
some time after nijun (Imrs T2 and 73) In tlic later stages n 
persistent dislocation mas be nssoanted with union m malposition 
or cstablislicd non union of the radial fracture If the dislocation 
1ms been present for some months soft tissue contraction precludes 
either opcrati\c or manipulatnc reduction and excision of the loner 
end of the ulna is ncccssan This is combincfl with grafting of im 
umted fractures of the radius or ostcotomi reduction and grafting 
of fractures nhich ha^c united in gross malposition 

2 Fractuict of tlie radial shaft with interposed soft tissues — 
Isolated fractures of Ibc radml shaft with lateral displacement of 
the bone-ends ma\ occur as a result of direct \nolcncc The infcnor 
radioulnar joint is not dislocated and oicrlap does not occur but 
it maj be impossible to reduce the lateral displacement b\ mompula 
tion oiving to interposition of muscle between tlic bone-ends (Figs 70 
and 77) Tlus is particulorU liable to occur m fractures m the 
region of the pronator teres insertion Unless the fractured surfaces 
arc brought into apposition delated union or non union is mesntable 
Should manipulation fail to produce accurate reduction in this 
tjpc of fracture open reduction is indicated and mtemal fixation 
should be secured b> bone-grafting (Figs 78 and 70) 

PRTNOIPLBS OF OPEBATION 

The onlnj tccluuquo is the simplest and b\ far the most cfFcctn e 
method of grafting the forearm bones 

After reduction of the fracture the graft bed is prepared on the 
antenor surface of the radius and a tibial graft is fixed in position 
mth screws 

Fractures associated with an infenor radio ulnar dislocation arc 
cxtremelj unstable and effcctiie internal fixation must be ensured 
bv using a long graft fixed with four screws (Figs 70 and 71 74 
and 75) In other fractures a smaller graft, held bj two screws is 
quite adequate (Figs 78 and 79) 

Soft tissue contraction ma> make it impossible to secure complete 
reduction of an inferior racho-iilnar dislocation which has been 
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present for some months In these circumstances grafting of the 
radial fracture should be combined Math excision of the lower end 
of the ulna. I do not believe that these procedures should be earned 
out at the same time, if this can be avoided, as I consider that 
a prolonged period of immobilisation, such as is necessary to permit 




Fig 76 


Fig 77 


Fig 78 


Fig 79 


Figs 76 and 77 — A fracture of the radial shaft with interposed soft tissue 
Repeated manipulation had failed to secm-e accuiate i-eduction 

Figs 78 and 79 — The fracture shown m Figs 76 and 77 after open leduction 
and grafting A small inlay gi’aft held -nuth two sciews has been used, and ns 
tins type of fracture is not very liable to become le-displaced once it has been 
reduced this technique is adequate m the ciicumstances 

consolidation of the radial fracture, decreases the prospect of regaining 
a full range of pronation and supination after excision of the lowci 
end of the ulna 

The radial fracture should be giafted fiist and, if subsequent 
radiographs show that the associated dislocation has not been com- 
pletely icduced, the lower end of the ulna is excised vhen it is judged 
that only a further three or foui veeks’ immobilisation is neccssnr\ 
to permit complete consolidation of this fracture Occasionally, 
however, m very old fractures with gross displacement it may be 
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\mposs\blc to nlipii the rndinl frapniciils Mitliout first excising tlic 
lower end of tlic nlnn nnd in such cnscs tlicrc is no option but to 
combine these procc<hircs 

PRE-OPERATIVE TREATMENT 

In recent fnictures opemtion cnii be cnmcxl out ns soon ns tlic 
iniincdintc cfTccts of injurs 1ms c sulisidctl The iisiml skin prepam 
tion IS nccessnrs nnd the jwiticnt is instnictcd in finger nnd shoulder 
exercises before opcroliou 

Old fractures "Inch Iinsc prcsnousls l>ccn immobilised nrc 
usimlls nssoanted ssith considcmblc joint stiffness All immobihsn 
tion can be diseontmuc<l for n short pcncKl sntliout danger the ann 
is supported in n sling nnd nclnc exercises nrc enmed out imrticuJnr 
attention being pnid to regnming c11k>w nioscmcnt 

TECHNIQUE OF OPERATION 

A tovinuquct is used nud the arm is abducted and supportctl 
on n small table Stenic stockinet is applied in the iLsiml "n\ the 
elbow IS extended and the forearm is supmntwl 

llenrs s ' method of approach is used but is slighth modified 
so that the antenor rather than the postcro-laternl aspect of the 
radius is exposed 

The skin incision commences in the nntccubitnl fossa, immodintch 
on the outer side of the biceps tendon and extends doumward os'cr tlic 
centre of the outer aspect of the radius to the lower end of the bone 

The deep fascia is dividcii m the same line and the medial edge 
of the brachio radiahs is idcntificil at the upper end of the incision 
and followed downwards until the muscle can be mobilised and 
retracted outAvords Tlus exposes the radial arttrj and the super 
flaal branch of the radial ner\c Ijnng from abo\c downward on the 
insertion of the biceps tendon the insertion of the supinator brevis 
the insertion of the pronator teres and the flexor longus polhcis 
The nerve hes on the outer side of the \csscls from which it can 
casiU be separated and retracted outwords with the bracluo radialis 
The arterj is gentlj retracted inwards 

The radius is exposed from above downwards The l»ne is cut 
do^vn on immedintelv below and to the outer side of the insertion of 
the biceps tendon the pcnostcura is divided and stripped off the 
nntfto-lateml aspect of the nidm\ rimft In tins wat tl.e supmator 
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brevis is detached subperiosteally and is thrown outAvard, carrjang 
the deep branch of the radial nerve. As tins muscle is detached the 
periosteal incision is continued dovmward and slightly outAvard, in 
the plane betAveen the supinator brevis attachment and the origins 
of the flexor sublimus digitorum and flexor pollicis longus When 
the loAA'^er limit of the supinator breins is reached the incision is 
continued doAvnAvard on the antero-lateral aspect of the radius 
and the periosteum is stripped off the anterior aspect of the bone, 
so that the pronator teres, the flexor subhmus digitorum and 
flexor pollicis longus and, finallj?^, the pronator quadratus are detached 
medially. 

When the lower end of the radius is reached bone spikes are 
shpped between the periosteum and the bone, the elbow is flexed 
and the Airhole Avound can be opened up, completely exposing the 
anterior aspect of the radius 

Such a complete exposure is not ahi^ays necessary and the 
approach is restricted accordingly. It is a nustake to attempt to 
restrict the exposure unduly, hoAvever, as this adds greatly to the 
difficulties of operation. 

The bone-ends are cleared of fibrous tissue, and the fracture is 
reduced Strong traction is necessary to effect reduction of fractures 
associated AAith an inferior radio-ulnar dislocation, and AA’^lien tlie 
bone-ends are brought into apposition any anterior or posterior 
angulation must be completely corrected. 

TOen the reduction has been effected the bone is held Ai^ith bone- 
holding forceps Avhile the graft bed is prepared by removing, Awth a 
clusel, the outer cortical layers of the radius for a suitable distance 
above and belou^ the fracture 

A graft, cut from the subcutaneous surface of the tibia, and about 
three-and-a-half-inches long and half-an-inch AA'^ide, is used This 
placed in position, held AAath bone clamps, and fixed aa ith 

screws 

The periosteum and muscle attachments are approximated A\ith 
interrupted sutures OA'-er the graft and radius, and tlie skin incision 
is closed 

The arm is immobilised m a AA*ell-paddcd plaster from the meta- 
carpal heads to the upper third of tlie liumerus The plaster is first 
applied bcloAv the tourniquet and aa hen this part has set the tourniquet 
IS remoA’'ed and tlie plaster is completed 
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POST-OPERATIVE TREATMEKT 

Post njK‘mti\( swelling Is n»>l tisiinIK \cr\ marked nnd pronded 
ndcqimti jinddmp 1ms Ihtu it is imt oflcii iieccssnr\ to l)i \nl\c 

the piaster 

I’inpcr and slmuldcr (\trcises nre contimiwl immcdmtch after 
operation \\ Inn n full mnjjc of finper iiioxcnient is possible c\crciscs 
apninst resistance arc institutc<i iisiiip n sponpe riiblicr ‘ pnp ” In 
this \rn\ wnstinp of tin fonmrm mnsclt*s is pn\cntcd 

Tuo weeks after oj>emtion llu pnddcti plaster is taken off skin 
stitclies are renun c<l and an un|Mul<lcd plaster is applied from tlic 
upper thirtl of tin hnnienis totlu nielacnrjml bends Immobilisation 
in tins t\p{ of plaster is continiiiHl until the fracture 1ms unitwl and 
tlie pmft IS soundK lucorjHimlcil Tins is to be c\pectc<I m from 
cipht to fourteen wtiks 

^^^len n long standinji nidi<» ulimr dislocation wliicli Im*? not 
been odetjuntcK reduced In o|)cmtion on the mdms is present tlic 
lower end of the uhm must Ik exciso<I \l>out ciplit or ten weeks after 
operation when mdiopraphs show that the fracture 1ms almost com 
plcteU consolidated the plaster is bi \al\cd to allow skin prepnmtion 
for fort\ ciplit hours llctwccu dressmps immobilisation is continued 
b> Axinp the In \fll\cd plaster finuK m |)osition with n bandage 
^*0 tounuqu(t h used and n short skin incision is made dirccth 
O'er tlic lower end of the ulnar shaft wliicli is dmded subpcnostcnlh 
The head of the ulna is freed l)\ sharp dissection enre being taken 
to a\’oid damage to the tnniigulnr ligament and is removed Tlie 
skm inasion is sutured and on uiipndded plaster is reapplied Tins 
plaster IS discardetl three or four weeks Inter when consolidation of 
the mdial fracture is complete 

the plaster Iins lx!en renio\cd nctuc exercises to restore 
elbow and wnst mosement, and rotation of tlie forearm arc com 
mcnced A few weeks treatment nt an orgamsed Rchnbihtation 
Centre is of gnat \nluc nt tins stage 

The results of treatment by bone grafting m these types of 
fractures of the radius arc \crv satisfactorv Full function of the 
arm with no disabihty is to be expected about two moiitlis after 
inuuobilifcation 1ms been dLscontinued 

, REFERE\CE 

o/ ioAj rtwrf OlAfr pp D-IJ J W right 



CHAPTER X 


FRACTURES OF THE ULNA 

T he ulna IS subcutaneous and comparative!)^ exposed For 
this reason fractures of the shaft from direct ^>^olence are 
somewhat more common than is the case vath the radius. 
Fractures of the ulnar shaft also occur in association Awth dislocation 
of the head of the radius In certain circumstances bone-ffrafting" 
IS indicated in the treatment of these injuries 

INDICATIONS FOR BONE-GRAFTING 

1. In fracture of the ulnar shaft associated with dislocation of the 
head of the radius. — Fractures m the region of the junction of the 
middle and upper thirds of the ulnar shaft occur m association witli 
an antenor or postenor dislocation of the head of the ladius (Figs 80 
and 81) The line of displacement is through the radio-humeral 
joint, the radio-ulnar joint, and the fracture, and the radius and 
lower fragment of the ulna are displaced m relation to the humerus 
and upper ulnar fragment 

Accurate reduction of both fracture and dislocation is essential. 
Reduction may be secured b)'^ early mampulation and maintained by 
external fixation, but treatment on these lines is not ahvays successful 
If accurate reduction cannot be secured by manipulation, or if 
re-displacement in plaster occurs, open reduction and internal 
fixation is indicated Even in recent fractures grafting is the most 
generally satisfactory method of securing fixation of the ulna 

These fractures arc frequently seen some time after injuiv- At 
this stage an un-umted or, occasionally, a mal-unitcd fracture of the 
ulna is associated ivith a persistent dislocation of the head of the 
radius Treatment of the dislocation, either by open reduction or 
excision of the head of the radius, should be combined with open 
reduction and grafting of the ulnar fracture. 

2. Delayed muon or non-imion of fractures of the shaft of the 
nina. — Occasionally in fractures of the shaft of the ulna union innv 
be long delayed (Figs 82 and 83). This is usuall) due to inadequate 
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imniobilication and is particulnrl\ liable to occur in fractures in the 
region of the junction of the middle and lower thirds of the shaft, 
which arc subjected to strong shearing strain if inadequate 
immobilisation permits rotation of the forearm 

l’ro\nde<l non union 1ms not become cslabbshcd these fractures 



Fiq 80 Fio 81 

An tm-unjled fractnro of the ulnar cbafl «i(h an anterior dialocatlon of th© radial 
head Tlie elbow i* abown In W)-dogrec* flexion (Pig 80) and In extemion 
(Fig 81 ), 

Will umte if adequate immobilisation is effected and maintained 
The penod of treatment necessary to secure union can be considerabl\ 
reduced however bj bone-graftingm suitable cases (Figs 84 and 85) 
8 Fractures of the shaft with displacement between the bone- 
ends —Lateral displacement between the bone-ends raav occur m 
isolated fractures of the ulnar shaft (Figs 80 and 87) If this dis- 
placement cannot be corrected bj mumpulation open reduction and 
fixation bj means of a small onlaj graft is indicated (Figs 88 
and 80) 





Fig 82 

Figs 82 and 83 
Figs 84 and 85 
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Fig 83 Fig 84 Fig 85 

-A five-months-old fracture of the ulna m which union has 
been delayed because of bone loss 
-The fracture shown in Figs 82 and 83 after bone-grafting 




Fig 80 Fig 87 Fig 88 Fig 80 

Figs 80 and 87 — A foui-vceks-old fractuie of the ulna vith pei-sistcnl displace- 
ment vhich could not be coirecled by manipulation 
Figs 88 and 89 — The fiactuie shoun in Figs SO and 87 after open leduction 

.ind grafting 
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FRACTURES IN WHICH BO?fE-aRAFTINO IS NOT INDICATED 
1 Fractures of the olecranon — Ihmcfjmftmp Ims no plntr m 
the trcntnient of fmdnrrs of the oleemnon Mtlionpli o}Kmlion is 
usiialK nrecssnn wliin (hsplnceimnl nt tlu fniclurt Ims oceurred 
the esventml requimnents nrt rcjMiir of tlu tvUnsor nKclinnism In 
restonnp the nttnelinunt of th( tneejn to tlu nhm niid n\oidiinei 
of Dn\ perMsteiit im;ndnnt\ of tlu Iiiimeml nrticulnr surfnee of 
the ulna Hnth these nqninnients nre ftilflllid h\ excision of the 
oleemnon rmpnienl nnd n |Miirof the tnet]>s nnd this siinjih pmcetlure 
n onl\ contra indiei»te<I in oleemnon fmetnres wliicli ImM liecn 
associated ^\itli nn miltnor dislocation of the tlhou hsen sshen 
reduction and internal fixation of the fmctiirr is nectssars the 
technical diflleiiltie*: nssoeint< d with seennnp renlK nilcqnntc fixmtion 
h\ l)onc-pmftmp moke this pr<ice<hire inadsisahh 

PRINCIPLES OF OPERATION 

The dcln\ in union so often se<n in fractures of the ulna is due 
to the difUcultx 111 protectinp these fractures coniplctcls from 
niechanicnl stresses hs cxtcninl fixation It is thcrefort essential to 
wurt nicclmnicnlh stable intcnm) fixation if m)>id union is to be 
tvpcctcd after Ixmc frmflinjf This is |mrticiilnrl\ important in 
fractures associated snth a dishuaition of the head of the radius 
These fractures arc cxtrcnich unstable and Ixinp near the elbou 
joint, difficult to ininiobdise It has e\eii Ix'cn suppestcel that 
ffrafling should be conilnncd uith plating in such fractures 

ComplctcU ndeepinte fixation can I)c secured liow(.\cr b\ a long 
onla\ graft fixed wth scrcses if this technique is properh cmploved 
The ulna is roughh tnangular in shape lm\nng nn internal surface 
flod antenor and posterior surfaces comerging to meet nt the inter 
osseous border Tlic graft l>cd is prepared on the postenor surface 
find tlie graft is fixed m position uith four scresv’s (Figs 84 and 8 j 
88 and 89) 

Tlierc arc sex cml alternative mctliods of dealing snth nn assoanted 
f slocation of the head of the radius 

lu recent injuries tlus dislocation can usuoUx be reduced b\ 
Manipulation xvhen the ulnar fracture is exposed and some surgeons 
prefer to rclx on external fixation together x\uth internal fixation of 
c ulnar fracture to prevent re dislocation I con'nder it more 
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satisfactory to combine reduction \nth a reconstruction of the 
orbicular ligament, using a fascial strip threaded through drill holes 
in the ulna It must be pointed out, however, that manj^ autliorities 
consider that early reconstruction of the orbicular ligament m con- 
junction with reduction and internal fixation of the ulnar fracture is 
unwise, because of the danger of subsequent radio-ulnar ankylosis 
due to post-operative ossification. 

In old injuries grafting of the ulnar fracture and excision of the 
head of the radius is a most satisfactory procedure m adults, althougli 
in children and adolescents open reduction of the dislocation and 
reconstruction of the orbicular ligament is necessary, as removal of 
the head of a still growing radius may cause subsequent inequality 
in length between the forearm bones sufficient to produce dis- 
organisation of the inferior radio-ulnai joint 

PRE-OPERATIVE TREATMENT 

In recent fractures skin preparation is started as soon as the 
immediate effects of injury have subsided, and operation is carried 
out a few days later 

In old fractures which have previously been immobilised the 
usual prehminaiy period of active exercises without any form of 
immobilisation is indicated. 

TECHNIQUE OF OPERATION 

When the tourniquet is in jiosition the patient is turned face 
downwards on the operating table Sterile stockinet is applied 
and the arm is supported on a small table ivith the elbow fully 
extended In this position the whole ulna is easily accessible. 

The skin incision is made over the posterior bordei of the bone 
and extends for a suitable distance above and belov the fiacfurc 
This incision can be extended upwaid and slightl} latciall\ if 
necessary, to afford access to the head of the radius 

When the skin and subcutaneous tissue have been divided the 
posterior border of the ulna is cut dovn on in the plane between the 
oiigins of the flexor and external carpi uliiaiis The peiiosteuin is 
divided in the line of the skin incision and is stripped from Ihe ulna 
to expose the bone-ends and posterior sin face for a suitalile distance 

abrjvc and bclov the fractiiic 

If a dislocation of the upper end of the radius is present this iniisl 



lUACTUniS or Till UINA isl 

be dcnlt \ntli h\ inntnpulalixt oro|K*rntiM rulnclion or h\ cxcisinn 
of the mdinl licnd In old injunt‘s it is oftin imjHissihlc (o jirodim 
adequate rctlnction of tlu nhmr fniclim until the dislocntion Ims 
been rctluctd 

V tilnnl pnifl nlxnit tliiT< and n linlf inrlus lonp nnd just o\(r 
half nn inch mdc is nsid Ulun tin Imhu ends nn clcnrc<l of 
fihmus tissue niul llu fmrliin. rwlncsd tin pnift Ind is prcimrwl on 
the p<h.tenor nsjx ( t of tlu nlnn with n dust 1 and tlu pnifl is jilnctd 
in iMrsitum nnd fixed with sertws Hone fnipments nrc jinckcd 
nrtiund the fmeture nnd the iKruisttiiin nnd inustlc onpins arc 
flpproxiinnletl o\(r tlu pTnfl with inltrrnptetl siitiirts 

Tlie skin IS elostd nnd the nnii is iminohihst d in n padded plnstcr 
extending fnmi tlu upj>er third of tlu hiinunis to the nictncnrpnl 
heads In fmcliircs nssoeinttd with n sii|k nor miho iilnnr dislocntion 
pads of ndhesi\c ftlt nn plnectl o\ t r tlu anti nor nnd Inteml aspects 
of the mdinl hind nnd the plnstt r is inouldt d so ns to exert siifilcicnth 
firm pressure on these jmds t<» prt m id n-tlislocntion 

POST-OPERATTVE TREATMEH' 

Post*opomti\ c swcllinj. is not market! and it is mrtl\ ncccssnr\ 
to hi \nl\c the pnddctl plnstcr 

^'licn n dislocation tins lx.Krv present nuhopmplis nrc ncccssnr\ 
at least o\ci^ sc\cn dn\s for six woiks to insure tliat disjilnccnient 
of tire rudinl head lias not rccurrcil 

Two weeks after ojurntion nn iinjmdtlcd plnstcr is applied nftcr 
the skin sutures Imxc l>ecn rcinoMd 

Tile Usual finptr nnd slumlder ixirciscs nrc emmed out nnd 
immobilisation is continued until the fmeture lins consohdntcd 
Tins IS usunlh to l>c cxjx?ctc<l in from ten to sixteen weeks nithougli 
oecasionnlh nn ulnnr fracture appears to Ik* \cr\ indolent even after 
grafting and nnniobihsntion for n considerably longer period is 
aeoessarj 

^^^•on union is comjjlcte tlic jdnstcr is removed and active exercises 
of tile cll>ow shoulder nnd wrist arc ejoinmcne^cd Particular 
attention is paid to regaining elbow movement and n period of 
treatment at a Rchabihtntion Centre is of great value 

a lugh percentage of patients full funcUon oftlie arm is regained 
althougli some montlns actmU and persistent exercise ma> be 
necttsar) to restore a full range of elbow movement 
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FRACTURES OF THE RADIUS AND ULNA 

F ractures of both bones of the forearm have eertain 
characteristic features. It is difficult to produce accurate 
reduction by mampulation, and even if early reduction is 
secured it is diffieult to prevent re-displacement by external fixation. 
Union in malposition is associated vnth material disability, either 
angulation or a rotational displacement disturbs the function of the 
supenor and inferior radio-ulnar joints. Unless immobilisation is 
completely effective union of the fractures is seriously delayed and 
may never occur. 

Bone-graftmg is often a most valuable measure m the ti catmeiit 
of these fractures. 

INDICATIONS FOR BONE-GRAFTING 

1. After open reduction of fractures of the radius and ulna. — Open 
reduction is often necessary in fractures of both forearm bones 
Operation is indicated m recent fractures if accurate reduction cannot 
be secured by manipulations (Figs 90 and 91) or if re-displaccmcnt 
occurs 111 spite of external fixation (Figs 92 and 93) 

Open reduction is also indicated at any stage duimg tieatmcnt 
if angulation between the fragments or a rotational defoinntv of 
the forearm is present The d^^sfunction associated iMtli these 
deformities is so severe that it is wortli while to scenic leduction 
even though it entails an operation and a considerable piolongation 
of tieatmcnt 

2. In delayed union or established non-union. — If union is dclavcd 
the period of immobilisation necessaiy may be considcralih reduced 
by timely bone-graftmg. Giafting is also indicated if non-union of 
one oi both fractures becomes cstablisJicd 

3. After osteotomy and correction of deformity in old fractures. 
Tieatmcnt mav be ncccssarv m fractures vliicli liu\e licen allovid 
to unite m malposition (Figs. Ot and 9 .j) Provided seeondnix 
cliangcs in tlic radio-ulnar joints liavc not lieeonie (sf.iblishti 

K1 




Fiofl 04 and Oo — A rix months-old fmctnpe of the radios and nlna Iloductlon 
Is not fldcKiuate, and tbo fractoro of the ulnn has not united. 

Pios 00 and 07 — The ftaoture shown in Fh?«. 04 and 05 air months after open 
redaction and gniftlng of both bone 
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osteotomy at tlie fracture sites and correction of the deformity is 
indicated, and sJiould be combined with boiic-graftmg (Fio-s. OG 
and 97) 

4. After re-fracture. — Re-fracture of tlie ladius and ulna is not 
uncommon and is due to too early cessation of immobilisation If 
complete re-fracture witli displacement has occurred the most rapid 
way of securing firm union is by open reduction and bonc-grafting 

PRINCIPLES OF OPERATION 

The aim of operation is to restore normal relationship between 
the upper and lower segments of the forearm, and to obviate as far 
as possible the possibility of subsequent rc-displacement Accurate 
apposition of the fractured surfaces must be combined Avith coriection 
of any angulation or rotatory displacement, and adequate internal 
fixation must be secured. 

An operation involving open reduction and grafting of tivo 
separate bones is quite a formidable undertaking and should not be 
employed if a simpler, but equally effectiA'’e, procedure is aA'ailablc 
Simpler procedures are not usually equally effective, hoAvcA'-cr, and 
are onlj’^ indicated in selected cases 

In recent fractuies it is sometimes possible to limit operation to 
one forearm bone When one fracture has been exposed reduction 
of both fractures is secured by manipulation and internal fixation of 
the exposed fiacture is sufficient to preA''cnt rc-displaccmcnt at cither 
(Fig 93). The use of this technique should be limited to trans- 
verse fiacturcs, Avhich tend to be fairly stable once end-to-end 
apposition has been secured, and radiographs must be taken dining 
operation to ensure that reduction of the unexposed fracture is 
adequate 

Occasionally delayed union or non-union may occni at one 
fracture only In these circumstances, proAuded i eduction is 
adequate, it is only necessary to expose and ffjnft the find tin' aaIucIi 
has failed to unite 

Opeiation may be cairicd out in tAAO stages, each bone being 
dealt AAith separately at an intcrA''aI of three ot four weeks. ]3esides 
entailing tA\o separate operations this technique has seAcial dis- 
advantages It IS difficult to combine adequate skin piejiaration 
AAith eficetive immobilisation ol the liaelure whieh has alieadA 
been gia/ted In old injunes it mnA be impossilile to secure iide- 
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qutite reduction unless both fractures nrc exposed and reduced 
simultaneous^ 

In the niajont) of these injimcs the most snti3ftictor\ procedure 
■when operation is ncccssarv is to expose, reduce and graft both 
fractures at a single operation 

It IS possible to use one dorsal incision through Avliich botli 
fractures can be exposed bj mobilisation and retraction of muscles, 
but little time is sased b\ this ninncciisTc exposure is more difficult, 
and commumcntion between the fracture luemntoniata ma\ lend to 
subsequent cross union 

I ha^c found it more satisfactor\ to use two skin mcisions and 
expose each bone acparotcU The radius is exposed in the usual 
wa^ and the bone-ends arc cleared of fibrous tissue The ulna is then 
exposed through a separate incision and when this fracture has been, 
cleared both fractures arc reduced siniultancoush 

The ulna is grafted using an onla\ graft dxed on the posterior 
surface of the bone the incision is closed and the radial fracture is 
fixed ATith au oala^ graft apphed on the anterior surface of the bone 
(Figs OG and 07) 

Tins technique u oompnmti\*cl\ simple and docs not entail 
keeping a tourmquct on the ami for an undul\ long period Accurate 
reduction and stable fixation ore ensured subsequent bonv union is 
rapid and the danger of cross union is reduced to a minimum 

PRE-OPERATIVK TEEATMEITr 

Fracture of both bones of the forearm is associated with con 
siderablc local reaction and any operative measures must be deferred 
until this has subsnled 

The usual instruction m finger and shoulder exercises and a 
preliminary period of active exercises in old fractures is necesson 

TEOHNIQXTE OP OPERATION 

A tourmquct is used and the forearm is co\ercd with stenie 
stockinet 

The elbow is extended and the arm is supported on n narrow 
table The radius is exposed subpenosteallv by the tcclmiquc 
alreads desenbed and the bone-ends arc cleared of fibrous tissue 

The wound IS covered with a swab soaked m saline, the elbow 
IS flexed and the forearm is placed across the patient s chest The 

7 ^ 
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ulna IS fairly accessible in this position and is exposed in the usual 
way When the fractuie has been exposed subpenosteallv and the 
bone-ends cleared both fractures are reduced by manipulation. The 
ulna IS held in position with bone forceps, particular attention being 
paid to the coi recti on of any angulation or rotatory displacement. 
The graft bed is prepared on the posterior surface of the bone and a 
tibial graft, about thiee inches long and half-an-inch wide, is placed 
in position, held ^^uth bone clamps and fixed \nth four screws Bone 
fragments are packed around the fracture and the ulnar wound is 
closed 

The elboAv is again extended, the radial wound is uncovered, and 
the fragments of this bone are held m normal relationship idiilc the 
graft bed is prepared on the anterior surface and a tibial graft is 
fixed in position vuth screws Bone fragments are packed around 
the graft and fracture and the wound is closed 

The arm is immobilised in a well-padded plaster extending from 
the upper third of the humerus to the metacarpal heads, 

POST-OPERATIVE TREATMENT 

Pro^nded an adequate amount of padding has been used picssurc 
symptoms due to post-operative swelling do not often develop and 
it is rarely necessarj^ to bi-valve the plaster 

Fingci exeicises are continued immediately after operation and 
it is important to regain a full range of metacaipo-phalangeal and 
inter-phalangeal movement as soon as possible 

Thiee weeks after operation the padded plaster is taken off, skin 
sutures arc removed, and the arm is immobilised in an iinjinddcd 
plaster extending from the upper third of the liumcrus to tlic meta- 
carpal heads. Immobilisation is continued until both fiacturcs liaic 
consolidated, this is to be expected in from fourteen to tvenly 
vecks When union is complete the plaster is removed and aeln^c 
exercises of the arm are commenced 

About SIX vecks’ intensive treatment, preferabl> at a Be- 
habihtation Centre, is necessary to restore full muscle poncr. and 
subsequently exercises arc continued until a full range of joint 
movement is regained 



CHAPTER XII 

FRACTURES OF THE CARPAL SCAPHOID 

T HF -various tv i>cs and conditions of fracture of the carpal 
scaphoid probnblj prcwint more problems than nn\ other 
single fracture and there is no one method of treatment which 
wall produce umfomvlv good results in these injuncs 

It IS accepted that the results of treatment of scaphoid fractiircs 
arc not unifomilv satisfnctorv It is cqualK true that poor results 
arc as often due to the use of a method of treatment winch is not 
indicated in the particular fracture to which it is applied as to the 
inefTective apphcation of the correct method of treatment 

Conservative treatment bj immobilisation is b> far the most 
cfTectwc measure in the v'ast majont) of fractures but m some 
circumstances good resvdts can be produced onl> b> operation 

One of several operative measures ma\ be indicated excision of 
the scaphoid excision of one fragment of the scaphoid bone grafting 
of the fracture end nrthro<lcsis of the wnst each have their place m 
treatment 


disability in FRACTUEE8 OP THE SOAPHOH) 

Two factors ore responsible for tlic disabihtv associated with 
fractures of the carpal scaphoid 

The presence of the fracture itself causes disabihtv commencing 
imraediatclv after injury and persisting until the fracture lias umted 
bj bone 

Artlintic changes occurring m the wnst and mid carpal joints 
and caused bj tlic presence of tlic un umted fracture constitute the 
second factor If immobibsation is established soon after the 
mjiirv and continued until the fracture has united these changes do 
not occur Once arthritis is established however it tends to be 
progressive nnd is not affected b\ subsequent imion of the fracture 

THE PLACE OF BOHE-QBAFTIHG IN TREATMENT 
Bone grafting is a method of seeming bonj umon and adequate 
grafting is followed bv union in a lugb proportion of fractures 
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OF FRACTURES 


Since over mnety per cent, of recent fractures unite as a result of 
conservative treatment grafting is not indicated in such fractures 
unless a test period of adequate immobilisation indicates elearly that 
union is not going to oecur as a result of immobilisation alone 

In old fractures the problem is more difficult. A much smaller 
percentage of such fractures unite as a result of immobilisation ; this 
pereentage decreases in proportion to the time between injury and 
the establishment of treatment, and once sclerosis of the fraeture 
sui faces has occurred union cannot be seeured by eonservative 
treatment. 

The disability in old injuries is not neeessarily due to the picscnee 
of an un-umted fracture, however, but may be due to arthritie 
changes in the VTist and mid-carpal joints These ehangcs aie not. 
m the early stages, apparent on radiological examination and the 
percentage of fractures in which they aie picsent mcicascs in 
proportion to the time which has elapsed smee injury 

Once arthritic changes have developed they bceome the dominating 
factor in the production of disability, and m these circumstances it 
is quite wrong to attempt to secure union of the fraetuie by bonc- 
grafting Even if grafting is successful disability is not ichcvcd. 
nor is the progress of the arthntis neeessarily ai rested Moi cover, 
operation at this stage may be followed by a “ daie-up ” and a maikcd 
increase in the arthritic changes, with deterioration m the function 
of the wrist 


INDICATIONS FOR BONE-GRAFTING 

1. Recent fractures which show no evidence of union after three 
months’ effective immolnhsation. — All recent fractures do not unite 
as a result of conscrs’'ative treatment In fractures which have been 
immobilised immediately after injury radiological examination three 
or four weeks later often shows some absorption or dccalcificalion in 
the legion of the fracture line This usually fills in if iniinohilisation 
is continued, and union takes place, but in about five per ceni of 
fractures this is not the case, and these changes persist or become 
more marked If such a fracture shovs no evidence whatever of 
union after three months’ effective immolnhsation bonc-granmg is 
indicated (Figs. 98 and 90). 

2 . Untreated fractures with changes in the bony structure of the 

SCaphOid.—If a fracture is untreated changes develoj) in the ‘^eaplioid 



91 


FRACTURES OF THE CARPAL SCAPHOID 


■n ithm n few weeks of mjun the fracture Ime Ireconies more obsnous 
nnd an apparent increase m tlic pnp between the fraRments occurs 



Pio ofl — A fmeture afler four month* of effect Iro inunobUl*atk>n 
begun within 48 hour* of Injvuy Them te cotaUJeraWe abeorptlon 
Jn the r«gtoD of the fmetoro end union U unOonbtedlF delaycil 
piQ tyo — Tbo fracture »hown In Fig 08 fourteen week* after 
grafting (IlUc gmft ) 



Fiq 100 Fio 101 Fia 108 

Pios 100 and 101 — \ wwn months-old untreoted fraoture of the scaphoid 
Kepamtlon jccur* between the irniirmeDtB on adduction of wrist showing that 
no union Is preeent 

Fio 102 —The Iracttire shown In Figs. 100 and 101 sht months after grafting 
(Tlbial graft.) 

Six weeks to tliree months after mjurv further dccalcificntion produces 
the so called c\st ’ fonnation around the fracture (Figs 100 101 
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and 102). Later patchy sclerosis in the region of the fraet 
surfaces indicates the early stages of established noii-unioii (Fig 1 ( 
About seventy per cent, of fractures ni whicli there is “ cyt 
formation will unite if they are effectively immobilised for a 5 
ficiently long period, this percentage falls as the changes beco 
more marked, and in only about forty pci cent of fractures v 
early sclerosis can good results be obtained by conservat 
treatment 

Bone-grafting produces good results in about seventy per cent 



Fig 103 Fig 101 


Pig 103 — A fouHeen-montlis-old untreated fracture Tlie early 
sclerosis in the legion of the fractui’e line is the lirat stage of 

established non-union 

Fig 104, — A four-years-old fractuie of the scaphoid witli 
established non-union Tlie lipping of the styloid process of 
the radius indicates the presence of earlj’^ arthritis 

suitable fractures, and grafting, properly earned out, is tlie metlic 
of treatment which offers the best prospects of good results 
untreated fractures with marked absorption or early scleiosis m tl 
region of the fracture line 

3. In fractures with established non-union.— Once the fiactu^ 
surfaces have become sealed off vath a layer of avascuJai sclcrot 
bone, grafting is the only measure whicli will pioduce union of tl 
fracture (Big 104) It must be remembered, however, that 1101 
union usually requires a period of two to three years to becon 
established, and during this time arthritic changes have almo' 
always developed It is onl}'^ on rare occasions, thcicforc, tlio 
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opcmtion for cst/ibhslicil non union is not contm indicated b\ the 
presence of arthritis 

CONTRA-INDIOATIOirS TO BONE-GRAFTING 
1 Arthntis ol the wnst and mid-carpal joints —Once arthritic 
ciinnges hn\ c dc^ eloped tlic presence of an un united fracture becomes 
of secondnn importance, and to graft the fracture at this stage is 
to bolt the stable door after the horse Ims gone ’ 

Tlic radiological evidence of nrthntis is definite new bone forma 
tiou beginning m the region of the tip of the stjloid process of the 



radius and dorsal aspect of the scaphoid decrease m the joint space 
between the proximal half of the scaphoid and tlie radius and os 
magnum and o general blumng of the clear-out outhne of the 
carpal bones (Figs 105 and 100) 

The degeneration fibrosis and roughening of the articular 
carblagc of the lower end of the radius scaphoid os magnum and 
semilunar vluch constitutes the earl) stages of arthritis is not 
associated with anj radiological abnormalitj however and a 
negative radiograph does not exclude the possibihtv of carlv 
artlintia 

The clinical findings and particulnrlj the lustor\ are of more 
importance Earl\ arthntis is characterised bv a storj of an injurj 
one or two jenrs previousl) which was ignored or treated as a 
sprain subsequent slight weakness of the wnst with pam on hfting 
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heav)^ weights or forcing the extreme of passive movement, and two 
or three months’ history of a marked increase m pain and disability. 
In some instances the exacerbation of symptoms has followed a 
second injury, often of a trivial character. 

The increase in symptoms and disability indicates the onset of 
artliritis, possibly precipitated by a second injury. In these circum- 
stances the results of grafting are disappointing and operation is often 
associated mth a further increase in the arthritic changes, which 
become obvious on radiological examination a month or two later 




Fig 107 Fig 108 

A fracture of the scaphoid two weeks and six weeks after miuiy 
The relatiA^e sclerosis of proximal fragment, due to cutting off 
of its blood supply, is qmte obvious 

An un-umted fracture of the scaphoid sooner or later produces 
changes in the adjacent joints These changes usually develop ■within 
two years of injury, and grafting is contra-indicated in fractures m 
"which there is clinical or radiological e'vadence of arthritis 

2. Avascular necro$is of the proximal fragment of the scaphoid. — 
Avascular bone necrosis of the proximal fragment oecurs Avhcn all 
the nutrient vessels to the scaphoid enter the bone distal to the 
fracture (Figs 107 and 108) Avascular necrosis is associated with 
permanent degenerative changes in the artieular cartilage of the 
proximal fragment, and for this reason early excision of the fragment 
is the only treatment ■which "vmII prevent subsequent arthritis It is 
not correct to attempt to secure union of the fracture either bv 
prolonged immobilisation or by grafting 



FRACTURES OF THE CARPAL SCAPHOID 


95 


3 A TTiall pTOxImfll IraKnient — Fractures nin\ occur so close to 
the proxjmiil pole of the scaphoid that the proximal fragment consists 
of a mere flake of bone (Flff 109) It is useless to attempt to insert 
a praft into a fragment of this t\pc, and carl\ excision is a much 
more satisfactory procedure Unless the proximal fragment consists 
of at least a third of the scaphoid grafting is contra indicated 

4* Displacement between the scaphoid fragments — Crafting by 
the closed technique is of no \nluc in scaphoid fractures with marked 
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Fio 100 Fio no FiQ 111 

Fio 100 — An tin onited frtctuw of the tcapbold in which the proximal 
fragment b rety *mall 

PlOS 110 and 111 — t elx weeLe-oW fracture of the scaphoid with 
marked dbplacement between the fregmenta. 

displacement (Figs 110 and 111) E^cn if muon is secured the per 
tisting irrcgulanty in the articular surfaces produces subsequent 
arthritis Grafting by the open tcohmquc may be combined with 
operative reduction of the fracture but tlus often entails so much 
Btnpping of the scaphoid that the blood suppH to the proximal 
fragment is cut off and subsequent avascular necrosis and nrthntis 
is mesatablc 

PRIHOrPLES OF OPERATION 

The problem of grafting a fracture of the carpal scaphoid is 
exactly analogous to that of naihng a fracture of the femoral neck. 
Two alternatives are available The scaphoid and fracture may be 
exposed and the graft inserted under direct \nsion or the graft may 
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be inserted under radiological control through a small skin incision 
mthout any exposure or “ stripping ” of the bone 

The “ open ” method Avas first described by Murray in 1934 i 
The scaphoid is exposed through a postero-lateral incision, the 
fracture line is identified, and the fracture surfaces cleared of 
fibrous tissue 

The tubercle of the scaphoid i.s exposed by retraction and a drill 
IS introduced in this region and threaded across the fracture and 
into the proximal fragment, its position being controlled by inspection 
at the fracture The drill is withdrawn and a bone peg, cut from 
the tibia, is driven along its track so that it crosses the fracture line 



Fig 112 Fig 113 

Diagrams shoivang the long axis of the scaphoid in relation to the long 
axis of the arm and transverse plane of the vTist 

and immobilises the scaphoid fragments This technique entails 
opemng the VTist joint and a considerable amount of stripping is 
necessary to obtain an adequate exposure This endangers the blood 
supply to the scaphoid and may produce avascular necrosis and 
subsequent arthritis 

The “ closed ” technique, first described in 1941, ^ is based on the 
position of the scaphoid When the vTist is m neutral position the 
long axis of the scaphoid lies at an angle of 40 degrees to the long 
axis of the arm, and 45 degrees to the transverse plane of the Avrist 
(Figs 112 and 113) If the forearm is rotated so that its transverse 
plane lies at an angle of 45 degrees to the horizontal, the hand being 
palm upwards and the wrist in neutral position, the long axis of the 
scaphoid lies in the vertical plane at an angle of 50 degrees to the 
perpendicular (Fig 114) 

The forearm is held in this position in a special rest and a guide 
pm is introduced at the tubercle of tlic scaphoid and driven in in 
the line of the long axis of the bone This pm passes through tlie 
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centre of both fragments of the scaphoid and its position is checked 
\)\ mdiogrnplLs 

The technique of radiograph) of the scaplioid is important, ns 
the ordinnrA nntcro jxwtcnor and 
lateral T^e^rs of the mist arc of no 
snluc in dctcrmimng the position of I 0 i \ 

the guide A true lateral Anew is oh- xOLV \ i \ // 

tamed b^ centring oscr the scaphoid v/y 

the hand being m neutral position ond \ 

the forearm in 45 degrees supination 
In this vicie the kidnc) -shaped out 
line of the scaplioid is elenrh seen 

(F.gs 115 111(1 115) A true postern- wiHn.th.wH,ti.hcMinlC-dcer«, 
nntenor sicir is obtained b\ rotating ffuplnatJon tlio long axis of tJio 
the forcomi through 00 ileiftcis to n >• P'‘“" 

position of 45 degrees pronntion and these mcws are used to 
dctcnnine tlic position of the guide pm 









mff <■ 1.’ /' J 


Tmo lateral viewB of ft normal (Fig ll6)midii fraoUired (Fig llO) 
•capboiil. 


If this IS satisfactory a hollow -cutting trephine, 8/1 0th of nn inch 
m diameter is threaded over the guide pm and is dnven through 
the dirtul fmgmcnt, acre the tmeture and into tlie proximal 
fragment. The trephine is rnthdrarvn, nn autogenous bone peo is 





98 BONE-GRAFTING IN TREATMENT OF FRACTURES 

inserted, dnven home, and, after its position has been checked by 
radiographs, cut off flush with the tubercle of the scaphoid 

This method does not entail any exposure or stnppmg of the 
scaphoid and, if attention is paid to the details of teehmque, it is 
possible to place a graft accurately in position with a minimum of 
disturbance of adjacent structures. 

' PRE-OPERATIVE TREATMENT 

No pre-operative treatment other than the usual skin preparation 
IS necessary. 

TECHNIQUE OP OPERATION 

1. “Open” technique. — tourniquet is applied and the tore- 
arm IS covered with stockinet. The skin incision begins over the 
postero-lateral aspect of the lower end of the radius and runs distally 
for about three inches, being shghtly convex forwards The wrist 
is fully adducted to bring the postenor surface of the scaphoid clear 
of the tendons of the extensor carpi radiahs longus and brevis 
muscles. These tendons are retracted medially, together with the 
tendon of the extensor poUicis longus, and the radial artery is 
mobihsed and retracted outwards and forwards with the tendons of 
the abductor poUicis longus and extensor pollicis brevis, to expose 
the region of the tubercle of the scaphoid A transverse incision is 
made through the capsule of the wrist joint over the posterior surface 
of the scaphoid, and when this is opened up the fracture is exposed. 
The fracture surfaces are cleared of fibrous tissue, the fracture is 
reduced if necessary, and a quarter-inch drill is inserted in the region 
of the tubercle and driven across the fracture line into the proximal 
fragment The dnll is withdrawn and a quarter-inch autogenous 
bone peg is driven home along its track. The incision is closed and 
the wist immobilised in a padded plaster 

2. “ Closed” technique. — It is quite unnecessary to use a tourni- 
quet for this operation The forearm and hand are covered wtli 
stockinet and placed in a rest, which supports the wist, liand, and 
forearm horizontally, and rotated so that the transverse plane of the 
wrist lies at an angle of 45 degrees In this position the long axis 
of the scaphoid lies in the vertical plane at an angle of 50 degrees to 
the perpendicular (Fig 114) 

A half-inch skin incision is made over the tubercle of the scaphoid, 
the subcutaneous veins are ligatured and the tubercle is exposed by 
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blunt dissection No attempt is made to clear the tubercle A 
2 mm guide pm is inserted on the lateral aspect oC the tubercle 
(Fig 1171 and dn\cn in m the line of the long asis oC the scaphoid 
until It 13 felt to cross the fracture niid enter the proximal fragment 
Tlic position of the guide pm is checked b^ radiograplis (Figs 110 
and 120) If necessary it is taken out and reinserted but if it is 
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Fig 117 Pig 118 

Photograpb* taken at opcmtloii ehowlng U» Insertion of the stride pin 
(FTg 117) imd RWift (Fig 118) 


ccntrnllv placed m both fragments o boUoiv cutting trephine 8/16th 
of an inch m diameter is threaded over the guide pm and dn\en 
m to the proximal fragment (Figs 121 and 122) The treplune and 
guide arc withdrawn and an autogenous bone peg is inserted and 
driven across the fracture Ime (Fig 118 ) The position of the peg is 
checked b% radiographs if it is well home it is cut off flush tnth the 
tubercle of the scaphoid The wound is closed and the rmst is 
immobihsed m a padded plaster 
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This technique is not particularly difficult, but requires close 
attention to detail The special rest, guide pins, and cutting 



Fiq 119 Fig 120 


P ostero-anterior and lateral views of the guide pm in position 


Fig 121 


Fig 122 




Postero-antenor and lateral views of the guide pm and 
cuttmg trephme m position 


trephine are essential The pm and trephme must be inserted uith 
an electiic drill and not by hand, and every stage of the proccdnic 
must be checked by radiographs 

Various tj'^pes of autogenous peg may be used Cortical pegs 
from the tibia aie easily shaped and driven home, but bony union is 
probably quicker if iliac pegs aie employed 


phactureb of the caupal scaphoid 
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POBT-OPEEATTVE TSEATMERT 

There is vcr> little post operative reaction or pain and finRcr 
exereiscs can be started immcdmtcU Ten dn^-R after operation 
an luipaddcd plaster is applied after the skin sutures have been 
^cmo^cd This plaster must prc\cnt nn^ mo\cment at nil at the 
vnst, and should extend from the metacarpal heads to tlic elbow 
and include the proximal phalonx of the thumb Provideel fixation 
u cfFccti\c I do not behc\c that the position m wluch the wnst is 
immobihscd is important 

Immobihsation must be continued until consolidation is complete 
in most cases this occurs in from ten to twenty weeks, and in such 
fractures the subsequent fimctton of the wnst >s excellent Occasion 
alh immobihsation for a much longer period is ncccssar\ how 
ever and dclaj in union is usuallv ossoanted with considerable 
dctcnoration in wnst function 

If fixation IS meffectne or if the plaster is discarded too soon, 
the peg does not become incorporated in the scaphoid and maj 
e\en be g^aduall^ extruded Extrusion is certain cviclcncc that tlic 
peg IS serving no useful purpose and tlic incision sliould be reopened 
and the peg removed 

If grafting is followeil b\ the de\clopmcnt of arthritic changes m 
the region of the proximal half of the scaphoid immobilisation should 
not be continued for longer than four months even, if uiuon has not 
occurred m this time Arthrodesis should not be earned out, 
howc^e^ until after a tnal penod of some months’ activiU, ns tlie 
function of such wnsts is often much better than might be expected 

Bone grafting undoubtcdl> has a place m the treatment of 
fractures of the carpal scaphoid, but grafting is onlj indicated or 
neecssar, m less tluin five per cent of such fractures The results 
of grafting are on the whole satisfoctorj m selected eases but the 
operation must not be regarded as an easy waj of securing a good 
result in a difficult fracture and should never be undertaken 
unnccessanlj 
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CHAPTER XIII 


FRACTURES OF THE METACARPALS AND PHALANGES 

METACARP ALS 

I N fractures of the shafts of the metacarpals displacement is not 
usually very marked, umon is rapid, and anatomieally inadequate 
reduction does not prevent the reeovery of full function of the 
hand For these reasons bone-grafting is not often necessary in the 
treatment of metacarpal fractures, 

INDICATIONS FOR BONE-GRAFTING 

1. After open reduction of transverse fractures of the metacarpal 
shafts. — ^Direct violence may produce transverse fractures of the 



Fig 123 

A nme-weeks-old fracture of the second meta- 
carpal shaft which has not been accuiatelv 
reduced and in winch union has been delayed 

shafts of the more exposed fiist, second, or fifth metacarpals with 
considerable displacement bctAveen the bone-ends, and m sncli 

102 
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fractunr, non union is not uncommon Non union is directly due 
to inndcqufite reduction nnd unless this can be secured b\ innm 
pulotion open reduction nnd grafting of the fracture is uidicnted 
(Figs 128 12-1- nnd 123) These fractures should not be treated b\ 
continuous traction tins method often fads to prc\cnt non union 
and produces pcminnciit hnutation of finger nio3Cincnt 



Pio 124 Fiq 126 

Tlio frnctur© bIiowb In Fig 123 eight wwk* and tbe months oiler grafting An 
inlay grail with bail ends has been used. 


2 Multiple fracturef of the metacarpal necks — Occasionallv 
fractures of the necks of either three or four metacarpals occur in 
association mth considerable displacement of the metacarpal heads 
If this displacement cannot be controlled bv any other method open 
reduction and grafting of the fracturca may be nccessarv Operation 
on fractures of the metacarpal necks is often nssocioted mth 
permanent hnntation of nietacarpo-phalnngeal moicment and sliould 
be undertaken onl\ in the presence of an uneontrohahle displacement 
of the metacarpal heads of a degree sufficient to interfere senoush 
U4th the function of the hand 
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3. Established non-union of fractures of the metacarpal shafts.— 

Established non-union is most commonly seen m the transverse 
fractures already described Open reduction and grafting of the 
fractuie is indicated (Fig. 126) 



Fig 126 


A fracture of the second metacaipal 
shaft with estabhshed non-union 
due to bone loss Provided function 
of the index finger is good, grafting 
of this fracfcme is indicated 

FRACTURES IN WHICH GRAFTING IS NOT INDICATED 

1. Obhque fractures of the metacarpal shafts. — In oblique frac- 
tures of the metacarpal shafts some overlap and shortening may 
occui This IS limited by the splinting action of the adjacent meta- 
carpals, and sufficient apposition of the fractured surfaces to ensure 
bony union can be secured by manipulation and immobilisation in 
plaster Provided bony union occurs shortemng of the metacaipal 
does not seriously interfere ivith the subsequent function of the hand, 
and operation is not indicated m this type of fracture (Fig 127) 

2. Isolated fractures of the neck of the fifth metacarpal. — The 
backward angulation which occurs at these fiacturcs can be cor- 
rected by manipulation only if this is carried out soon after injurv 
If such a fracture is first seen at a stage when the disjjlaccment 
cannot be corrected by manipulation the position should be accejitcd 



TRACTUHES OF II FT A C ARF ALB AAO rJIAIALOEB 105 

imd treatment concentrated on restoring a tiill range of finger moi c- 
nient (Fig 128) Open rcdnction and grafting of such fractures is 
followed b\ permanent limitation of nictacnrpo phnlnngcnl movement 



Flo 127 Fin 128 

PiQ 127 — V fouT-WTjekB-oId Cr*ctar« of the flflli mctacnrpal shaft with 
OTCtlap ami ahortonlng This poaltlon should b© accepted and 1* quite 
compatlblo with full function of the hand. 

F^o llS — Four-weeh»*old fracturea of tl«) fourth and fifth motacaipal neclou 
The angulatfcra which is present should bo accepted ami treatment aimed nt 
restoring metacarpo-phslangeal movement 

PRINCIPLEfl OP OPERATION 

Iq transverse fractures of tlic metacarpal shafts reduction tends 
to be stable once it has been secured and the fracture can sub- 
sequenth be protected almost completch bj a well fitting plaster 
The graft is not therefore subjected to an> very severe strains The 
onIa\ tecluuquc is not an entirely Ratisfactors method of grafting 
these fractures The graft increases the total diameter of the bone 
undul\ and eitlier presses against adjacent structures or projects 
beneath the akin in an unsightly way and the insertion of screws m 
a small bone is not desirable Inla> grafting is the neatest and mo<it 
cfTectne technique Tlic graft bed is onh 3/lOths of an inch inde 
and must be cut with care but quite adequate fixation can be 
secured, and subsequent union is rapid (Figs 124 and 125) 
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3. Established non-union of fractures of the metacarpal shafts.— 

Established non-union is most commonly seen m the tians verse 
fractures already described Open reduction and grafting of the 
fracture is indicated (Fig. 126) 



Pig 126 


A fracture of the second metacarpal 
shaft with established non-union 
due to bone loss Provided function 
of the mdex finger is good, graftmg 
of this fracture is mdicated 

FRACTURES IN WHICH GRAFTING IS NOT INDICATED 

1. Obhque fractures of the metacarpal shafts. — In oblique frac- 
tures of the metacarpal shafts some overlap and shortening may 
occur This is limited by the splinting action of the adjacent meta- 
carpals, and sufficient apposition of the fractured surfaces to ensure 
bony union can be secured by manipulation and immobilisation in 
plaster Provided bony union occurs shortening of the metacaipal 
does not seriously interfere with the subsequent function of the hand, 
and operation is not indicated in this type of fracture (Fig 127) 

2. Isolated fractures of the neck of the fifth metacarpal. — The 
backward angulation which occurs at these fractures can lie coi- 
rected by manipulation only if this is carried out soon aftci injurv. 
If such a fracture is first seen at a stage when the displacement 
cannot be corrected b}^ manipulation the position should be accepted 
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and treatment concentrated on rcstoniig a full range ot finger move- 
ment (Fig 12B) Open rcducUon and grafting ot such fractures is 
foUoned bi permanent limitation of nictncarpo-phalangenl movement 



Pio 127 Fio 123 

Fia 127 — A. fauf-wwta-old ftaduro of the ttfUi metftcMpaJ sliafl with 
OTerUp aod sliorteoing Thb positloa thoold be occepted and la quite 
cotupetfble with foil function of the bAnd 
Fio 128 — Foiif weoka-oLd fracture# of the fo\utb and Aftb metactJpiil necks. 
The aciffulAtton which la preseQt should bo accepted rmd treatment aimed at 
restoring metacarpo-phabuigcnl moTomont, 

PRDrciPLES OP OPERATION 

In transverse fractur« of tbc metacarpal shafts reduction tends 
to be stable once it has been secured and the fracture enn sub 
sequciitK be protected almost complctcU bi a well fitting plaster 
The graft is not therefore subjected to an\ verj severe strains The 
onlai tcchmque is not an entirely satisfnctorv method of grafting 
these fractures The graft increases the total diameter of the bone 
unduly and cither presses against adjacent structures or projects 
beneath the skin in an \msighll> ■wa\ and the insertion of scren-s in 
a small bone is not desirable lnla> grafting is the neatest and most 
effeetne teclmiquc The graft bed is onh 8/16ths of an incli indc 
and must be cut vnth care, but quite adequate fixation can be 
secured, and subsequent union is rapid (Figs 124 and 125) 
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The only effective method of dealing with fractures of the 
metacarpal necks is to employ an intramedullary graft The distal 
fragment is too short to allow fixation by any other technique, but 
its medullary cavity can be reamed out and the fragment fitted over 
a peg inserted in the medullary cavity of the shaft. 

PRE-OPERATIVE TREATMENT 

In recent fractures operation should be carried out as soon as the 
immediate effects of injury have subsided. 

Active exercises of the fingers is the most important single factor 
in the treatment of these injuries Every digit should be exercised 
tlirough a full range of movement for at least ten minutes of every 
hour throughout the day, and these exercises must be started as soon 
as possible after injury. 

In old fractures associated with stiffness of the fingers a pre- 
liminary penod of active exercises is necessary, and operation should 
not be undertaken until a reasonable and improving range of finger 
movement is present. 


TECHNIQUE OF OPERATION 


1. Fractures of metacarpal shafts. — A tourniquet is used, 
stockinet is applied m the usual way, and the hand is placed palm 
downward on a small table. 


The affected metacarpal is exposed by a dorsal incision extending 
the whole length of the shaft, extensor tendons are retracted and the 
periosteum is incised in the line of the skin incision 

The bone-ends are exposed subpenosteally, cleared of fibrous 
tissue, and the fracture is reduced Using a double saw, adjusted so 
that the outer surfaces of the blades are 3/16ths of an inch apart, a 
graft bed about one-and-a-half inches long is cut on the dorsal aspect 
of the bone A tibial graft, cut from the subcutaneous surfaee with 
a double saw adjusted so that the inner surfaces of the blades are 
just over 3/16ths of an inch apart, is inserted in the graft bed Tins 
graft should fit very closely and is tapped home with a puncli until 
its cortical surface is flush mth the cortex of ths host bone. 


If the graft and bed have been cut accurately tlic graft fits so 
closely that fixation is stable once it is in position, but as an added 
precaution it is fixed vith two double loops of No 4 catgut vhich 
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nre tlircndcd around tlic mctacnrpnl fragments uith on nneunam 
needle 

The pcno^cum and skm masioti arc sutured and the hand is 
immobihscd in a hghtl> padded plaster extending from the meta 
carpal heads to the clbo-u- An an added precaution the finger 
corresponding to the affected metacarpal is fixed in raid flexion 

2 Fractures ol metacarpal necks — ^Elach fracture is exposed in a 
similar ■wa\ tlirougli a skm incision o\ er the dorsal aspect of tlie distal 
half of the metacarpal shaft The bone ends arc cleared and ivhcn 
it 18 certam that reduction can be secured by manipulation the 
medullary ca\'iU of the distal fragment and of the distal inch of the 
proximal fragment is reamed out A cortical peg from the tibia is 
driven into the proximal fragment so that it projects for betneen a 
quarter and half an inch The distal frngraenV is tlireaded over this 
projecting portion b\ mampulation and the fracture is impacted 
Tlie Mounds arc closed and the hand imraobihsed m a lightly 
padded plaster extending from the metacarpal bends to the elbow 
with the affected fingers fixed m 90 degrees ficxion at the mctacorpo* 
phalangeal joints 


POffT-OPERATIVE TREATMENT 

Post-opcrati\ c swelling is seldom sufficient to cause syraptoras 
and cxerctses of tlie ummmobiliscd fingers ere continued os soon os 
possible after grafting 

Two weeks after operation an unpadded plaster la applied after 
the skm sutures have been removed This plaster is carcfull> 
moulded to the hand In a fracture of the metacarpal shaft it is 
unneoessarv to continue immobibsation of the affected finger but 
m fractures of the metacarpal necks the raetacarpo-phalangeal joints 
arc fixed m 00 degrees flexion 

Immobilisation in plaster is conbnued \mtil the fracture has 
united Umon is to be expected m from eight to twelve weeks 

Fractures of the metacarpal shaft are not usually associated witli 
an> permanent disabilitv a full range of finger movement is regained 
m plaster and the funcUon of the Iiand is normal about a month 
after the plaster has been remo\ed 

The results of operation m fractures of the mctacarjial necks tend 
to be disappointing however and some permanent limitation of 
raetacarpo-phalangeal movement commonlj occurs 
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PHALANGES 

Bone-grafting is very seldom justifiable m fractures of the 
phalanges of the fingers, although occasionally it may be neeessary 
in the proximal phalanx of the thumb. 

INDICATIONS FOR BONE-GRAFTING 

1. Fractures oi the proximal phalanx of the thumb with established 
non-union.—A transverse fracture of the proximal phalanx of the 


r 



Fig. 129 Pig 130 Pig 131 Pig 132 

Pigs 129 and 130 — A nme-months-old fracture of the proximal phalanx 
of the thumb wth established non-union 


Figs 131 and 132 — The fracture shown in Pigs, 129 and 130 im- 
mediately after graftmg A small cortical giaft, mserted through a 

drill hole, was used 

thumb may fail to unite, usually because of the ineffective im- 
mobilisation An un-umted fracture of this phalanx is associated 
with considerable disability and grafting is indicated (Figs. 129 and 
130) Operation is often folloAved by considerable limitation of 
thumb movement, but this must be accepted. The function of a 
hand with a stiff thumb is immeasurably better than tliat of a liand 
in which the thumb has been amputated 

FRACTURES IN WHICH BONE-GRAFTING IS NOT INDICATED 

1. Fractures of the phalanges of the fingers. — Tlic plialanges of 
tlie fingers form the posterior wall of the synovial-lmed tunnel 
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through which the flexor tendons run nnd n fmeture of the 
phalanx is alwn\s nocompanicd injurj to these tendons nnd 

their shcntks 

Fmeturcs T\hich nre allowed to unite in malposition or in which 
non union hns become established arc osisocifttcd ^vltll orgauiscd 
adliesions between the tendons nnd their sheath and permanent 
hnutatiou of finger nio\cnicnt Operation on the fracture is alwa\8 
accompnmed h^ further adhesion formation and although umon of 
the fracture in nomial position ^la^ be secured the finger is stiff and 
useless 

2 Praoturei ot the diftal phalanx of the thumb — Non union of n 
fracture of the distal pholonx of the thumb is cxtrcmch uncommon 
Should it occur the distal fragment should be excised subpcnostcollj 


PRINCIPLES OF OPERATION 

The proNinml phalanx of the thumb is too short and slender to 
allow preparation of an adequate bed for an ODla\ or inJa\ graft, nnd 
the use of an intramcdullarx peg is the onls practicable method of 
grafting fractures of tlus bone (Figs 131 and 132) 

pre-oferative treatment 

No pre-operative treatment otlier tlmn the usual skin preparation 
IS necessary 

TECHHIQIfE OP OPERATION 

A tourniquet is used ond the hand is placed palm upward over a 
sandbag on a small table 

The skin incision is made over the postcro-lateral aspect of the 
pliainnx and extends the u hole length of the bone Tlie phalanx is cut 
down on ni the line of the skin incision and the fracture is exposed 
The bone-ends are cleared of fibrous tissue and sclerotic bone and 
the medullary cavit\ of each fragment is reamed out A cortical 
tibial peg is introduced into the longer fragment and the projecting 
end of this peg is threaded into the shorter fragment bj mampulation 
The fracture is impacted and the masion dosed 

A well padded plaster is apphed from the tip of the thumb to the 
elbou the thumb being m sbght abduction and the mterphalnngea] 
joint in 80 degrees of flexion 
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POST-OPERATIVE TREATMENT 

Finger exercises are practised from the first, and the padded 
plaster is changed two weeks after operation 

Immobilisation in an unpadded plaster is continued until the 
fracture has umted This is to be expected in from six to twelve 
weeks. When union is firm the plaster is removed and active 
exercises of the thumb are commenced 

Some permanent hmitation of thumb movement is not uncommon 
after this operation. 



CHAPTER XIV 


PRACmmES OF THE NECK OF THE FBIffllE. 

P RIOR to the introduction of the stomless steel tnflnngcd nnil 
the results of treatment of adduction fractures of the femoral 
neck the unsolved fracture,” were almost umvcrsall\ bnd 
In most eases the dictum bom of despair, to ” treat the patient and 
Ignore the fracture ’ probably represented the best advice, but even 
if the patient s life was saved an un united fracture with permanent 
crippling was to be expected 

The invention of stainless steel and the introduction by Smith 
Petersen in 1931 ^ of the tnflanged nail altered the whole position 
Since then improvements in operative technique notablv the intro- 
duction of the closed ” method of nailing have made it possible 
to ensure good results in about eighty per cent of these fractures 
Manv attempts have been mode to improve further on these 
results and otlicr methods of treatment, including bone grafting 
liflve been employed and advocated It must be remembered that 
while it IS natural to seek the lost sheep and rejoice if it is found 
this course of action 13 unjustiBable if the safetv of the rest of the 
flock 13 thereby endangered 

FBOBLEUS OF TEEATUENT 

Wlule it IS not difficult to reduce fractures of the femoral neck 
accurately bv manipulation it u impossible to maintain adequate 
immobilisation by any form of external fixation 

Operative treatment is necessary and the aim of the operation is 
to secure stable internal fixation, and produce the most favourable 
conditions possible for subsequent bonv union and re-estabbshment 
of n normal blood supply to the femoral head 

A well placed tnflanged nail is the most effective knomi method 
of secunng internal fixation and provided the open ” method of 
insertion which further jeopardises the already disturbed blood 
supply to the femoral head is avoided this stable fixation is m itself 
111 
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POST-OPERATIVE TREATMENT 

Finger exercises are practised from the first, and the padded 
plaster is changed two weeks after operation 

Immobilisation in an unpadded plaster is continued until the 
fracture has muted This is to be expected m from six to twelve 
weeks. When union is firm the plaster is removed and active 
exercises of the thumb are commenced. 

Some permanent limitation of thumb movement is not uncommon 
after this operation. 



CHAPTER XIV 


FRACrrUEES OF THE NEC3K OF THE FEDTUR 

P RIOR to the introduction of the stainless-stccl tnflangcd nail 
tlic results of treatment of adduction fractures of the femoral 
neck the unsolvctl fracture *’ were almost umversnilj bad 
In most cases the dictum bom of despair to ‘ treat the patient and 
Ignore the fracture ” probabU represented the best ad\'ice but even 
if the patient s life was sa\ed an un united fracture with permanent 
crippling was to be expected 

The invention of stainless steel and the introduction b\ Smith 
Petersen m 1031 i of tlic tnflanged nail altered the uhole position 
Since then improvements in operative technique notabl> the mtro 
duction of the closed” method of naihng lia\e made it possible 
to ensure good results in about eight) per cent of these fractures 
!Man> attempts have been made to improve further on these 
results and other methods of treatment including bone grafting, 
ha\e been emplojcd and advocated It must be remembered that 
while it 18 natural to seek tlie lost sheep, and rejoice if it is found 
this course of action is unjustifiable if the safety of the rest of the 
flock IS tliereb) endangered 

pboblem of treatment 

While it IS not difllcult to reduce fractures of tlic femoral neck 
occurateh b\ mampulation, it is impossible to maintain adequate 
immobihsation bv am form of external fixation 

Operative treatment is necessaiv and the mm of the operation is 
to secure stable mtemal fixation and produce the most favourable 
conditions possible for subsequent bony union and ro-estabhshment 
of a normal blood supply to the femoral head 

A well placed tnflanged nail is the most effective known method 
of eecunng internal fixation and provided the open method of 
insertion which further jeopardises the alread} disturbed blood 
supplj to the femoral head is a\oided this stable fixation is m itself 
111 
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a potent factor in promoting bony union and restoration of a noinial 
blood supply 

There can be little doubt that it "would be better to employ 
autogenous bone rather than a metallic foreign body if equally 
effective fixation could be secured This is not the case, the 
mechanical efficiency of a graft cannot be compaied ivitli that of a 
tiiflanged nail, and unless fixation is stable its osteogenic jiroperties 
are of no account For this reason grafting cannot produce as 
generally satisfactory results as nailing in these fractuics. 

It IS possible to combine grafting and nailing, and to some extent 
this technique has the advantage of both methods This proccdiiic 
IS considerably more difficult, both graft and nail must be perfectly 
placed, and it should be undertaken only when nailing alone is not 
sufficient 


THE PLACE OF GRAFTING IN TREATMENT 

Adduction fractures of the femoial neck can, fiom the point of 
view of treatment, be classified into three broad groups 

1. Recent fractures. — Bone-graftmg is not indicated in recent 
fractures (Fig 133), these injuries aie best treated by nailing by the 
closed technique 

2. Un-united fractures with a minimal amount of absorption of 
the femoral neck and a “live” femoral head. — If an unimpacicd 
fracture of the femoial neck is not adequately leduccd and im- 
mobilised union does not take place The femoial neck becomes 
absoibed in the region of the fracture line, and avasculai necrosis of 
the femoral head may occur. The extent of these changes depends 
on the length of time the fractuie has been allowed to remain 
inadcquatel}'^ immobilised, and on the degree of damage to the blood 
supply to the femoial head produced by the original injury If only 
limited absorption of the neck has occurred, and if the femoral head 
shows no evidence of avascular necrosis, the fracture should he 
treated by combined grafting and nailing (Fig 134) 

3. Fractures with gross absorption of the femoral neck and/or 
avascular necrosis of the femoral head. — If giass absoijition of the 
lemoral neck has occurred (Fig 1.35), or if avascular neciosis of llu 
femoral head has developed, neither bone-graftmg noi muling jno- 
duccs good results, and intertrochanteiic fistcotonn b\ tlic tc‘clinK|uc 
described by iMelMurray - is indicated 







Fio 133 

Fjo 133 — recent firochiro of the fODODr This tJT^e of fmctiiro Is best 

treeted by oAUinff 

Fio 131 — V tlirec-montli«-old froctnib of tb® feoionU neck- TlieTO 1* 
no gross absorption In the region of the fracture and no reUtlro sclerosis 
of the femoral bend- Tills type of Crootur© U snltable for combined 
QallJDg ond gmAlsg 


Fio 1S5 Fio 130 

Fio 18o — V fracture of the femoral neok which was nailed soon after 
Injury The nail has been extruded and gross absorption of the neck 
has taken place At this stage grafting la not Indicated 
Fio 130 ' — A united fracture of the femoral neck which four months 
after Injury was treated by combined nafUng and grafting I prefer to 
Introduce the graft a little more obliquely eo that it lice parallel to tlie 
nalh and to drive It a little Anther Into the femoral heed 
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PRINCIPLES OF OPERATION 


Inadequate immobilisation is the most important single cause of 
the delay or failure of bony umon in fractures of the femoral neck. 
The only practicable method of securing operative fixation eonsists 
of drnnng a rigid internal splint through the centre of the femoral 
neck, across the fracture, and into the femoral head To be effective 
this splint must grip the soft cancellous bone of the neck and head 
very firmly. 




Fig 137 

Diagram showmg the 
correct position of the 
gmde pms 


The ideal sphnt should be mechanically effective and should not 
produce any reaction in the surrounding bone, and various types of- 

nail, screws, multiple wares, and bone-grafts 
have been emploj'^ed. 

It IS impossible to embed an autogenous 
bone-graft suflicientl}’- firml}'- to ensure the 
necessary fixation, a tnflanged nail of \atallium 
or stainless steel is much more meehamcally 
effective and does not usually produce any 
reaction. An autogenous graft is therefore 
most effective when used m combination 
with a tnflanged nail (Fig. 136). 

Two guide pins aie introduced through the centre of the femoral 
neck, across the fracture, and into the femoral head, so that thcA' he 
one above the other and about half-an-mch apart These guide pms 
must be ver}'' accuratel}^ placed, they must not be too close to each 
other, neither must he too near the outer surface of the femoial neck 
or articular surface of the hip joint, and both must penetrate w'cll 
into the femoral head (Fig 137) 

When the position of these pins has been checked by ladiographs 
a cannulated tnflanged nail is thieaded over the lower and driven 
home, the graft bed is prepared with a cannulated drill or chisel 
introduced over the upper pm, and a graft either of iliac tibial, or 
fibular bone, is inseited and driven Avell into the femoral head. 


PRE-OPERATIVE TREATMENT 

Patients with this tvpe of fractuic are often elderly, and mav lx 
in poor general eondition It is not justifiable to postpone opcralion 
indefinitely on this aceount particularh as fixation of the Iracturc is 
usually followed by a marked improvement m the patient’s condition 
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No spcciol prc-opomtl^c treatment, other than tlic lesual skin 
prcpamtioix is necessary 

technique op operation 

Tlic patient is transported to the theatre m bed and is anrestbe 
tiscd before being placed on an orthopiedic table of the Ilawlcj or 
otson Jones ti'pc It is an advantage to substitute a piclvic rest 
made of two laicra of thrcc-pU wood about half an inch apart for 
the usual metal rest Tlic plate for antcro-postenor radiogmplis 
can be quicUs and casih inserted between these lavcrs and need 
not he held in position b\ Imnd 

The fracture is rciluced b\ flexion of the hip through about 
00 degrees firm traction in the line of the fcmoml shaft, and internal 
rotation of the leg A\Tien reduction appears to be complete the hip 
IS extended mtemol rotation and traction being maintained and the 
foot IS padded and fixed to the foot piece of the table with plaster 
Tlie knec*rcst is placed m position and the foot piece is fixed so that 
traction is maintained 

\ntero-postenor and lateral radiographs are taken, and when 
accurate reduction has been confirmed a four inch vertical incision 
IS made over the outer aspect of the great trochanter and upper end 
of the femoral shaft Tlic wound is gcrecncd \nth skin towels, the 
deep fascia ond muscle arc dmdcil m the Ime of the skin incision 
and the bone is exposed b\ retraction 

Using n quarter inch drill a hole is mode through the cortex m 
the centre of the outer aspect of tlie shaft at the level of the lesser 
trochanter Tlus hole lies one inch below the well marked transverse 
line indicating the upper level of the ongin of the vastus latcrabs and 
about three inches below the upper surface of the great trochanter 
A 2 5 mm guide pm on a T handle is introduced through this 
hole and is dnven up the femoral neck b> hand With experience 
it it possible to introduce this guide accurately anv approach to the 
cortical surface of the neck or head is indicated b\ an increased 
resistance and the guide can be felt to cross the fracture line and 
enter the femoral head 

An indicator of the Engel Maj tvqic is placed over the guide wire 
and antcro posterior and lateral radiographs arc taken On the 
antcro-postenor vnew the guide should he about tlic junction of t]ic 
nudcUo and lower tlurds of the neck and head and shoidd be 
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ceiitially placed on the lateral ^^ew. If it is not acciiratelv placed 
a second guide is introduced tlu-ougli the appropriate cannula iii 
the directoi. and further radiographs are taken 

II hen the first guide is in position a second drill hole is made 
through the cortex and a second guide is intioduecd half-an-inch 
above and parallel to the first The position of the seeond guide is 
checked by radiographs and modified as necessary 

lYhen both guides are coriectly plaeed (Fig 137) a triflangcd nail 
IS threaded over the lower and driven home The length of the nail 
is calculated by subtracting the length of the protruding portion 

from the total length of the guide, and the 
nail IS mtrodueed so that its lower flanffe lies 
in the line of the femoral shaft. The position 
of the nail is checked by radiographs, and the 
fracture is impacted 

A cannulated drill or osteotome is threaded 

Diagram showing the nail over the upper guide and the graft bed is 
and graft m position prepared I prefer to employ a cannulated 
osteotome half-an-inch wide The handle of the osteotome is angled, 
so that it is throvTi clear of the gmde, and the blade is calibrated 
Tins osteotome is inserted transversely and is diiven in to the 
required depth The osteotome is then mthdravm and a graft from 
the subcutaneous surface of the tibia, cut to the exact width of the 
blade vuth a double saw, is inserted and driven well into the femoral 
head The position of the graft is checked by radiographs, the 
protruding poition is cut off, and the fiacture is again impacted 
(Fig 138) 

The incision is sutured, a dressing is applied, and the patient is 
returned to bed No form of immobilisation other than a shoe vith 
a transverse bar on the posterior aspect of the heel, or some siinilnr 
de\Tce to prevent external rotation of the leg, is necessary. 

This operation requires patience and attention to detail It is 
not necessarily unduly protracted, but its success depends on acenratc 
placing of the graft and nail and the surgeon must be prepaied to 
modify the position of the guide pins until they are placed absolulch 
corrcctlv A series of radiograplis arc nccessarv and mucli dela> is 
obAnated if tvo X-ray sets are used Tlicse are placed to lake 
an antcro-postenor and a lateral viev of the femoral neck n1 the 
beginning of the operation, and need not subsequently he movdh 





FBACTURES 


OF THE NECK OF TEE FEMUR 117 


POffT-OPKEATTVE TREATMENT 

Tins operation docs not caiisc much shock and is usunll} svell 
tolerated even b\ old and enfeebled patients The freedom from pain 
ivhich folIoTVs fixation of tlie fracture often produces a dramatic im 
provement in the patient’s conthtion and outlook, and free movement 
in bed is encouraged from the first 

Knee exercises arc started n week after operation and hip 
exercises a fortmght later A mouth after operation the patient is 
allowed to sit up in a chair and a month later to commence getting 
about on crutches AVcight bearing is not pcmiittcd until the 
fracture has consohdated complctelv 

Umon in tlus tj-pc of fracture is not to be expected m under four 
montlis and is unumal before six months Indeed consolidation maN 
rcqmrc a vear to become complete If weight bearing is commenced 
before radiographs show that the fracture lias umted bj bone fmeture 
or extrusion of the tnflonged noil is not infrequent 

The results of tlus operation arc in the main satisfnctorv I3on^ 
union occurs m alwut eight) per cent of fmcturcs and although 
about fifl\ per cent, of patients subsequenth develop some artbntic 
changes in the hip joint tlus is not ncoessanlv associated with much 
disnbiht) It It nd\nsabk to remove the tnfiangetl nail about a year 
after consohdation of the fracture is complete 

REFEREa^CES 
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CHAPTER Xy 


FRACTURES OF THE SHAFT OF THE FEMUR 

T he results of adequate eonservative treatment of fractures of 
the shaft of the femur are good Accurate reduction, rapid 
union, and subsequent full function of the leg can be ensured 
in a high proportion of these injuries Such complications as 
shortening of the leg, distraction with delaj'^ or failure of bony union, 
refracture, or permanent stiffness of the knee joint are due to a 
misapplication rather than to a failure of conservative methods, and 
would not be prevented by wholesale adoption of operative reduction 
and internal fixation of all fractures of the femoial shaft Indeed, 
the post-operative management is more difficult than the ordinary 
conservative treatment of such fractures, and the complications 
which may arise after operation are much more serious than those 
associated with non-operative methods 

Bone-grafting is a most valuable measure in certain types and 
conditions of these fractures, but should not be regarded as an 
alternative to conservative treatment and should never be employed 
when good results can be secured by simpler methods 

I 

INDICATIONS FOR BONE-GRAFTING 

The age, sex, general condition, and occupation of the patient 
have a vital bearing on the decision as to the best method of tical- 
ment of any particular fracture of the femoral shaft Ojieralion is 
almost never necessary in childicn and is seldom advisable for any 
condition short of established non-union in persons over sixl}'-five 
Each fracture is, to some extent, a separate problem, and am list of 
indications for operation can only be of a general natuie 

1. After open reduction of recent fractures. — Tn liaclures of the 
femoial shaft it is not absolutely necessary to secure aceurale apposi- 
tion of the fracture surfaces and up to half-an-meh of oAerlaj) eaii 
be accejitcd provided the alignment of the upper and lover fragments 
IS normal Reduction vithiii these limits can iisualh h( jinahued 
bv skeletal traction and. if nccessare. manqmlation Tl, lio\\e\ei. 
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an adequate reduction lias not been secured withm three weeks of 
miun open reduction and grafting is indicated 

Transverse fractures in the upper tlurel of the shaft arc often 
particularh difficult to reduce > The short upper fragment is nexed 
and abducteil and the upper end of the lower fragment is ihsplaced 
upivarels and inwards (Figs 180 140 and 141) Fractures at the 



Flo ISO Pio 140 Fiq 141 


Flos 180 «iid 140 — A fmetare of tl)o apper end of the fomoml shaft nfter 
three month* treatment on a irell log traction apparatn*. Bedactlon is 
loadcqaalo and union U dolnyod 

PlQ 141 — Tho frncturo shown In Tigs 130 and 140 afloP open reduction and 
grafting 

junction of tlie middle and lower third of the shaft ma\ also be 
difficult The upper end of the lower fragment becomes displaced 
backward and interposition of soft tivsuc ma\ prevent reduction 
and accurate ahgnment of this fragment Interposition of soft tissue 
inn\ also occur in other fractures of the femoral shaft, and causes 
mnccumtc reduction and dcla^ or failure of union imless corrected 
b^ operation 

2 For delayed onion — Although simple fractures of the femoral 
shaft usualh unite readih several factors notabU inadequate 
immobilisation or distmcboii ma\ senoush delaj union (Figs 142 
143 141 145 140 and 147) Distraction, however slight alwats 




Figs 142 and 143 — A four-months-old fractvu’e of the femoral shaft Union is de- 
layed, due to inadequate reduction Gross shortening has been allowed to occur 

Pigs 144 and 14*5 — The fracture shown m Figs 142 and 143 aftei the overlap 
has been coviected by five days’ strong skeletal traction 





Fig IJfJ Fig 117 

Figs IJO and 1J7— The fractuie shoun in Figs 112-115 nftei open 
leduclion and gi aft ing lladiogiaphs taken In jioi table W‘l at ( oiuhision 

of opeiation 
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dcla^s union and if an\ mntcrujl amount of distraction is allowed 
to persist for a few weeks union can onl> take place ^hen the gap 
between the bone ends is bridged bj new bone formatiou a process 
nlueli mav take between twcKc and twentj four months In these 
circumstances the period of treatment iieccssar> can be greath 
reduced b> timch bone grafting 

3 After refracture with re-diiplacement — Refracturc is probably 
commoner in the femoral shaft than in all other fractures and is 


( 


Fiq 148 



Fio 148 — Ilefrtictnre of foup-roonth»-old freotore of femoT Probably do© to 
lack of end to-eod appoeltlon whb oonacqoeol abearinff Btraln aero©* iwwlv 
formod cnllua. 



Fioa 140 and 160 — TIkj fracture iliown In Pig 148 four mootbs aflor open 
reduction and boDe-graJllng 


usufllU due to too carlv cessation of immobilisation undue reliance 
on the extremelv doubtful protective value of a walking caliper in 
adequate reduction— n bicli namlls in a shearing stmin being thrown 
on ncwl\ formed callus when weight heanng is commenced- — dis 
traction or a combination of these factors After complete rcfracture 
with re-displacemcnt (Fig l-JS) as distinct from simple bomng at 
the site of the fracture reduction is dlIRcult and union often 
delayed and open reduction and bone grafting is the most generally 
sahsfacton method of treatment (Figs 149 and 150) 
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4. After osteotomy —A fracture of the femoral shaft may he 
allowed to unite in mal-ahgnment su£5cient to cause material dis- 
ability. Provided secondari^ changes in the hip or inee joint hare 
not become established osteotomy and bone-grafting is indicated. 

5. EstHrblislied non-umon. — ^Estabhshed non-union is indicated 
by sclerosis and “ rounding-off ” of the bone-ends and the develop- 
ment of a fibrous “ false joint ” at the site of the fracture. In such 



Fig, 151 Fig 152 

V'lG, 151. — nmo-monihs-old fiacture of the upper femoral 
shnfl. winch lias united by fibrous tissue only 

VhG. 152. The fiacture shoivn in Fig 151 five months aftei 

open 1 eduction and graftmg 


onvumstances union can be secured only by operation, and bonc- 
gvalring is by tar the most effective operative procedure (Figs 151 
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I have not found traction by means oC an orthoptcdic table satis 
facton for tins operation Tlie piiUing force is transmitted from 
the foot piece of the table thrmigli the knee joint to the femur and 
if a full range of passive extension of the knee is not present, ns is 
commonh the cose m old fractures, the lower fcnioml fragment is 
bltcd backwards and accurate reduction and nlignmcut is made 
dilBcuIt Moreover the tension is fixed and not clastic, and requires 
constant adjustment dunng operation 

It IS much easier to operate mth the leg m a Braun’s splint and 
to cniplov skeletal traction b\ means of a pm through the lower end 



Pia 153 

Tho leR in porttlon wndj- for gmflUm Note the tourniquet In poeltlon 
and proTonted from rtlppltig don^ by tbe pin 


of the femur inserted at the bcgmnmg of operation The amount 
of weight emploj ed depends on the degree of ov erlap to be corrected , 
the traction force is in the line of the femoral shaft and of itself tends 
to produce normal alignment of the fracture (Fig 158) 

TIus method of traction is not satisfactorv for fractures of the 
upper third of the shaft m wluch the flexion of the upper fragment 
is too great to permit restoration of normal ahgnmcnt b\ means of a 
Braun s spbnt In this type of fracture traction dunng operation 
18 best maintained bv a Roger Anderson well leg traction apparatus 
apphed after the graft has been cut from the tibia 

Fractures below the upper third of the shaft arc best approached 
antenoriv as desenbed b> Ilenrv * and can be exposed with a 
tourniquet in position A lateral approach, is nccessarv for fractures 
of the upper third of the shaft a tourniquet cannot be used, and the 
operation is tcchnicalh much more difficult 
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exposed, and a neurovaseular bundle, eonsisting of the descending 
branch of the anterior circumflex artery and the nerve to the vastus 
lateralis, is clearly seen crossing the upper third of this muscle This 
bundle is mobilised and retracted upwards 

The crureus and periosteum are divided by longitudinal incisions 
above and below the fracture, bone levers are slipped between the 
periosteum and the femur, and the fracture and femoral shaft are 
widely exposed by completing the division of the crureus The 
bone-ends are cleared of fibrous tissue and sclerosed bone and the 



Fig 164 

Grafting the shaft of the femur Using Hemy’s incision the fracture 
has been exposed and reduced, and the graft has been placed in position, 
held with clamps, and fixed with screws 

fracture is reduced Reduction is greatly facilitated by tlic constant 
traction in the line of the femoral shaft, and it is not usually very 
difficult to secure end-to-end apposition and normal alignment 

The femur is held vuth bone forceps while the graft bed is prepared 
on its anteiior surface, the graft is placed in position, held with bone 
clamps, and fixed with six screws (Fig. 1.5 1-). The periosteum and 
crureus are repaired witli interrupted sutuies, the wound is closed, 
and a pressure bandage is applied 

Posterior and lateral plaster slabs are applied to the thigh, the 
tourniquet is removed,, a Thomas splint witli a bent-knee attachment 
IS substituted for the Braun’s splint, and the patient is returned in 
bed The ti action should not be relaxed during this manocuvic 
The Thomas splint is slung in the usual wa}, and vhen this has been 
adjusted the traction can be decreased to ten pounds 

2. Fractures of the upper third of the shaft. — A massivt iilnal 
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graft IS cut from the uninjured leg the tibinl incmon is closed and 
a well leg traction apparatus is applied and adjusted so that strong 
traction is exerted on the fractured leg The pwiticnt is rollcxl to^^'n^d* 
his uninjured side the pchns fractured leg and foot piece of the 
traction apparatus Vicing supported on sandbags so that the lateral 
aspect of the fractured leg is casih accessible The pre-opemtn c 
dressings arc ^cmo^ed and the entire lateral aspect of the tlugh is 
isolated Anth stcnic towels 

The skin incision licgins inimcdiatch abosc the great trochanter 
and IS earned down the centre of the Intcml aspect of the trochanter 
and shaft to the lower thirtl of the thigh Subcutaneous s csscls arc 
ligatured and the ^\oulld is isolated with skin towels 

The deep fascia is incised along tlie wliolc Icngtii of tlie wound 
and this incision is earned through the muscle and pcnosicum down 
to bone over the great trochanter and upjier fragment of the shaft 
and over the shaft well liclow the fracture Tlie bone is exposed bj- 
retraction and working upwards and downwards from these incisions 
the Mvstus lateralis is completch dmded until the lateral aspect of 
the fracture is exposed Considerable lircmorrhagc from branches 
of the circumflex artcncs is encountcnHl o-s tlus muscle is di%ndcd m 
the region of the upper tlurd of the shaft, and the use of a diatbcrm\ 
cauters to coagulate b!cc<ling points eonsidcrabh faahtatcs tlus 
stage of the operation 

'When the dmsion of the musde lias been completed the penosteum 
18 stnppcd from the femur to expose the lateral surface of the great 
trocliantcr and shaft above tlie fracture the region of the fracture 
and the lateral surface of the sliaft well below the fracture Bone 
lc\er 8 arc slipped between the periosteum and femur and these are 
used as retractors to open up the incision 

The bone ends are cleared of fibrous tissue and the fracture is 
reduced and held with bone clamps Abduction of the proximal 
fragment does not cause an\ difflculU when the well leg traction 
apparatus is used and when the fracture has been cleared it is usually 
possible to correct the flexion deformits of this fragment without 
much di£Bcult> 

The graft bed is prepared on the lateral aspect of the great 
trochanter and shaft inth a chisel and tlie graft sliould extend from 
the top of the trochanter to well below the fracture The graft la 
placed m position held ^vith bone clamps and fixed mth screws 
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Screws one-and-a-half or two inches long should be used in the region 
of the great trochanter as these, unlike the screws in the shaft, have 
no second cortex on wluch to grip Bone chips are packed around 
the fracture, the periosteum and muscle are repaired vuth interrupted 
sutures, and the skin incision is closed A pressure bandage is applied 
and the patient is returned to bed in the well-leg traction apparatus. 

This operation is often associated with considerable shock, and 
a certain amount of haemorrhage is unavoidable Intravenous drip 
plasma should be started at the begmmng of the operation and 
continued throughout, and the eondition of the patient should be 
checked by periodic recording of the blood-pressure 

In very old and enfeebled patients this operation can be performed 
in two stages The graft is eut, placed in a sterile eontamer of normal 
saline or whole blood, the container is sealed and incubated at 
between 2 and 5 degrees eentigrade The tibial wound is closed, a 
well -leg traction apparatus applied, and the patient leturned to bed 
Ten days later the operation is completed, using the “ stored ” graft 

POST-OPERATIVE TREATMENT 

Post-operative shock is treated mth morplua, intravenous plasma 
and, if considerable hasmorrhage has occurred dm mg operation, blood 
transfusion 

Quadriceps exercises arc begun a iveek after operation and, 
in patients nursed in a Thomas splint with a bent-knee attaclimcnt, 
knee exercises a week later Every effort should be made to preserve 
full mobility of the patella, both by encouraging active exercises and 
by putting this bone through a full range of passive movement three 
or four times a day 

The position of the fracture is checked by weekly radiograplis, 
and it should be remembered that only light traction is necessary to 

stabilise the femur after adequate grafting 

Six weeks after operation the traction is removed and the leg is 
immobilised m an unpadded hip spica Toe and quadiiccps exercises 
are continued and weight-bearing in this spica is commenced ten 
weeks after operation 

Immobilisation m a full-length spica is continued until con- 
solidation of the fracture is complete This is to be expected hetneen 
fifteen and tventy-five vccks after operation hen union is sound 
the plaster is removed and the patient is instructed in ankle, kiu c, 



FUACTURES OF THE SHAFT OF THE FEMUR 12D 


and hip exercises Tlicsc arc enmed out m bed for two or three 
weeks after rcmo\nl of tlic plaster and at the end of this time if no 
untoivnrd 8\Tnptoms lm\c dc\ eloped graduntetl wcigiit bearing is 
commenced 

3 Tcrciscs arc continued and the patient is gradually returned 
to full nctl^^t^ A period of about two montlis’ treatment at a 
Rehabilitation Centre is of the greatest value at this stage 

The results of lionc grafting of fmetures of the femur arc good in 
that it IS possible to ensure firm union of the fracture and a useful 
limb IIip and ankle mo^cmcnt almost always return to normal 
but the degree of recoserj of knee mosement vanes widely depending 
on the nature of the onginal injury the total penod of treatment 
and the age of the patient 
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CHAPTER XVI 

FRACTURES OF THE TIBIA OR TIBIA AND FIBULA 

F ractures of the shaft of the tibia are charactensed by 
their habihty to re-displacement after an initial adequate 
reduction, by a tendency to delayed union winch, if unrecog- 
nised, leads to non-union, and bj’’ the severity of the permanent 
disabiht}^ which follows union with angulation or a rotational 
displacement 

There can be httle doubt that the best results in the treatment 
of these injuries are obtained by the purely conservative measuics 
of immediate reduction by manipulation and subsequent immobilisa- 
tion in plaster Unfortunately, it is not always possible to secure 
accurate reduction by mampulation alone, nor is immobilisation in 
plaster sufficiently effective in fractures which are unstable or 
associated vith oedema For these reasons the use of a distraction 
apparatus for reduction,' transfixion pins incorporated m plastci, a 
combination of skeletal traction and immobilisation in plastei. and 
many other variations of conservative treatment are employed, and 
operative treatment is not infrequently necessary 

Bone-grafting is a most valuable measure m certain tyjjcs and 
conditions of tibial fractures 

INDICATIONS FOR BONE-GRAFTING 
1. Established non-union. — Once the fracture surfaces haiT 
become sealed off by a layei of avascular sclerotic bone opciativc 
treatment is necessary if union is to be secured (Figs 155 and 150) 
Bone-grafting is by far the most effective operative pioccdiirc m 
established non-union 

2 . Delayed union. — The latc of union of fractures of the tibia 
vanes vidcly, not only vith the age and general condition ol Die 
patient and the site and type of fiactuic, but also fiom individtial lo 
individual Several factors may. however, delay union lai liewHuI 
normal limits Infection is aluavs associated vitJi delay Tlu 
period of immobilisation necessary to permit union is on an a\fiag<‘, 
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Pio 167 Fio 168 Pia 150 PlQ 100 

Fiofl 167 and 168 — \ four month»-old fractun of th© tibU and fibula In uiiich 
trolon ha* been delayed bccanso of Inadequate reduction 
PioH 160 and lOO — The fractxuw thown In Fl«a. 167 and 158 after open 
reduction oad grafting 
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doubled if infection- is present, and opeiation is usually contra- 
indicated in such fractures. Distraction (Figs 2, 3, and 4), repeated 
or late manipulations, inadequate reduction (Figs 157 and 158), or 
ineffective immobihsation are also associated mth serious delay, and 
in such circumstances bone-grafting materially leduces the period of 
treatment necessary and obviates the danger of non-union becoming 
established (Figs 23 and 24, 159 and 160) 



Fig 161 Fig 162 Fio 163 Fig 161 


Figs 101 and 162 — A seveuteen-nionths-old fiactme of the tibin and fibula 
showing bone loss due to a too-sweeping initial debridement. 

Figs 163 and 164 — A six-weeks-old fiactuie of the tibia and fibula iiliicli 
IS not reduced At this stage manipulative reduction is difficult, and late 
mampulation is often followed by delay in union 

3. Bone loss. — A tvound fiom a high-A’’elocity missile, a too- 
enthusiastic debridement of a compound fracture, oi infection vitli 
subsequent sequestration may produce an actual loss of lionc 
(Figs 161 and 162) Union can take place only wlicn the defect is 
bridged by new bone foimation, and if much bone lias been lost 
union IS, at best, sciiously delayed, and mav veil be imjiossiliie 
unless the gap is budged by an autogenous graft 

Bone-giafting is indicated in such fractures, alfliougli a long 
pieliminaiy period of treatment is usuallv required to allov all 
infection to subside, and it is often neccssarv to rejilace adiunnt 
scars by transferred skin flajis before undertaking gral ting 
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4 Alter osteotomy lor mal-uiuoil. — ^Nominlh the knee and ankle 
joints mos c in the same parallel axis consequentK union of a tibinl 
fracture m malposition either angular or rotational is associated 
mth considerable dlsablUt^ This can be rchesed by osteotom^ at 
the site of the fracture and correction of the displacement and tlus 
shoidd be undertaken proMded the displacement is not of sufhcientl} 
long standing to ha\c produced permanent changes in these jomts 
Osteotomy should alvra\s be combined vnth internal fixation and 
since ostcotomi at the site of a recent fracture is often associated 
mth subsequent dcla> in union fixation is best effected bj means 
of nn autogenous graft 

6 After open reduotioiL — It is usualh possible to reduce tibial 
fractures either b\ mompulntion or b\ eniploiing some form of 
distraction apparatus provided this is undertaken snthin tuo or 
three dajs of injun OccasionaUs c\cn in recent fractures button 
holing of the periosteum or interposition of soft tissue prevents 
closed reduction (Figs 9 and 10) and this becomes m anv type of 
fracture mcrcasinglj difllcult m proportion to tlie time which has 
been allowed to elapse since in|un 3n fracture* more than a 
month old it ma\ be impossible to secure reduction b\ conservative 
measures (Figs 1C8 and 104) Moreover late manipulation is 
assoaated with serious delav m union For these reasons mam 
fractures at this stage are best treated b> operative reductaon Tlus 
should alwBjs be combined with internal fbuition and in fractures 
m which delay m umon may be expected fixation is best secured by 
means of an autogenous graft (Figs 11 ond 12 1G5-1C8) 

0 Unstable fraotures, — Some types of tibial fractures notoblj 
oblique fractures with a loose butterfly ** fragment arc verv un 
stable and cannot be controlled bv onv form of external fixation 

Operative reduction and internal fixation is necessary and the 
use of an autogenous graft is one of the various methods of internal 
fixation which may be employed (Figs 169-172) 

COHTEA nroiOATIONS TO BORE-QRAFnHQ 

1 Infection. — Since the tibia is subcutaneous a lugh percentage 
of fractuTCT of thu bone are compound Some degree of infection 
IS not uncommon and union is consequcntlj dela\ ed On no account 
sliould bone grafting be undertaken in gucli fractures until all 
infection has subsided for at least throe months 


10 
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Fig 165 Fig 106 Fig 107 Fig 108 

Figs 165 and 166 — The fracture sho\vn in Figs 163 and 164 after open 
reduction and grafting An onlay graft on the anteio-medial suiface 

was used 

Figs 167 'and 168 — The fracture sho'aoi m Figs 163-160 six months 
after grafting, when the screws were removed. 


I 



Fig 109 Fig 170 Fig 17] Fio 172 


Figs 109 and 170 — A foin -weeks-old fiacture of the <ibia .ind /ibula 
in which le-displaccmenl in plaster has occuiicd aftei an acriiia(<‘ 
initial leduction Tins fiactuic was unstable bot.aise of eoinininut ion 

of the bone-ends 


Figs 171 and 1 72 — Tlie fiactiue sjiou n in Figs JOOand 170 aftei open 
leduction and gi.iftnig bj the “spht-bone tethnnpie 
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2 Adherent scars — ounds ^\Tth skin loss associated with tibial 
fractures often produce nvasculnr scars \\luch arc adherent to the 
underhung bone Before bone grafting such fractures scars should be 
completch excised and the defect flUed bj a transferred skin flap 

PEINCIPLEfl OP OPERATION 

Since the tibia is subcutaneous and casih accessible it might 
appear that bone-grafting a tibial fracture is a relatl^ eh simple 
procedure Such is not the case for wlule it is comparatis eh cas\ 
to expose the fracture and secure apposition of the fractured surfaces 
this IS not enough An\ angulation or rotational displacement 
between the upper and lower fragments will produce subsequent 
disability and these displacements ore not easily avoided 

The tibia os a i\holc is not straight but curved and the curve 
vanes from mdnnducl to mdiMdual Moreo\cr the onl\ cnsil\ 
accessible surfaces the antero-medial and ontcro-latcrah arc not only 
curved but twisted in tlie \crtical plane -^ll these factors must be 
considered in planning a sound grafting teclnuquc Ynnous methods 
arc employed, each with lU advantages and disadvantages 

Inla\ grafting on the accessible ontcro medial surface is frequenth 
practised but several diSBculties arise with tlus technique 

SUding mlav grafts are particularly unsntisfactorv The antero 
medial surface is moat curved at the junction of the upper and 
middle and middle and loner thirds (Fig 178 A) and tlicse points 
are common sites of fracture K n graft cut from the comparativeh 
straight nuddle tlurd is placed over such a fracture so that the 
cortex of graft and host coinadc the curve of the graft is insufficient 
to restore normal ahgnment, and a lonis defomiitv of the lower 
fragment with tilting of the infcnor articular surface, is produced 
(Fig 178 B) Tlus can be pre>cnled only by counter-sinking one or 
other end of the graft into the medullary cnviU (Fig 178 C and D) 
■which IS undesirable os it is difficult to assess or control the exact 
amount of coimter-sinkmg necessarv, and the introduction of the 
graft into the medullary cavity decreases the stabibtv of the internal 
fixation and delays union 

Pro-^nding both tibire arc sinularly curved a graft cut from an 
area on the sound tibia exactly corresponding to the graft bed will, 
when introduced so that cortex of graft and host coincide reproduoS 
the normal ahgmnent of the tibial fragments Such a graft must 
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be cut very accurately to fit the graft bed sufficiently closely to 
prevent its slipping into the medullary cavity of the host tibia 

Onlay grafting is a simpler and more effective procedure. Such 
grafts should not, as a rule, be applied to the antero-medial surface 
(Figs 11 and 12, 165-168) The difficulties, already described, of 
making the curve of the graft coincide vith the normal curve of the 
tibia arise Moreover, an onlay graft on the subcutaneous surface 
produces an unsightly prominence and may even make it difficult to 


A B c D 



Fig 173 


A The normal curve of the tibia B Mal-alignment pioduced by an 
accurately placed shdmg giaft C and D Normal alignment can be 
produced only by counter-smking one or other end of the graft 

close the skin without undue tension The graft is best applied to 
the antero-lateral surface, and care must be taken to cut the graft 
bed so that normal alignment is produced when the graft is in 
position (Figs. 159 and 160) 

I have found the use of a massive “ split-bonc ” graft a useful 
procedure m some circumstances ^ This is a variation of the sjilit- 
bone technique described by Gill - in connection with the forearm 
bones The fracture is i educed and fixed AMtIi clamps or a small 
plate applied to the extreme posterior hunt of tlic antcio-mcdial 
surface The bone is then split in two in the plane ol ils posterior 
surface for about half its length, tvo-tlnrds of the split jiorlion being 
on the longer and onc-tliird on the shorter fragnicnt riie stout 
piece of bone from the longer fragnicnt is slid across the fraeliirc and 
fixed vitli foil] screvs and the gap left is filled uitli the bone from 
the shorter fragment (Fig" 17 h A and 11) J he jilafe is remoMil and 
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mdiogrnphs are taVcn to ensure normal alignment Adjustments 
art casih made rcmo\nng the lowest screw, angling the lower 
fragment as much ns mnv 
l>eneccssnr\ and replacing a 
tlie scren 

this technique tlic 
fracture is bridged ivith a 
ser\ massisc graft nn\ 
sclerosed Ixinc around the ^ 
fracture is uidch opened 
up and tllC rtnicture of npUt bono technique. The Uno In 

the reconstructed (jonc ap- which the tibia Is divided (A) and the 
prosnnintcs to normal (Figs tcconstmrtcd hone (B) 

175 and 170) The method is liowcscr considcrabh more difficult 
than onlax grafting and entails a mucli wider snbpenostcal exposure 
of the tibia 



Fio 17-1 



\ 






Pia no 

Th# gtr^ctara of fte Ume boM rttunwHl to normaL ^ 
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be cut very accurately to fit the graft bed sufficiently closclv to 
prevent its slipping into the medullary ca\uty of the host tibia 

Onlay grafting is a simpler and more effective procedure. Such 
grafts should not. as a rule, be applied to the antero-medial surface 
(Figs 11 and 12, 165-168). The difficulties, already described, of 
making the curve of the graft coincide vith the normal curve of the 
tibia anse Moreover, an onlay graft on the subcutaneous surface 
produces an unsightly prominence and may even make it difficult to 


A B CD 



Fig 173 


A The normal curve of the tibia B Mal-ahgnment pioduced bv an 
accurately placed sliding giaft C and D Normal alignment can be 
produced only by counter-sinking one or other end of the giaft 

close the skin ivithout undue tension The graft is best applied to 
tlie antero-lateral surface, and care must be taken to cut the graft 
bed so that normal alignment is produced ■when the graft is in 
position (Figs 159 and 160) 

I have found the use of a massive “ split-bone ” graft a useful 
procedure m some circumstances ^ Tins is a variation ol the split - 
bone technique described by Gill - in connection vith the forearm 
bones The fracture is reduced and fixed vith clamps or a small 
plate applied to the extreme posterior hinit of the anlero-medial 
surface The bone is then split in tno in the plane of its posti nor 
surface for about half its length tuo-thirds ol the sjilil jiortion liemg 
on the longer and onc-third on the shorter Iragment 7 la stout 
piece of hone from the longer fragment is slid across tin fr.ietun- and 
fixed with four screws and the gaji left is filled with the hone froni 
the shorter fragmemt (Fig 171.-\andlJ) J la jilate isremoMdami 
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rndioj^mphs arc taken to ensure nominl alignment Adjustments 
arc casih made b\ remo\nng the lovrest scrc^, angling the lo\\cr 
fragment as much as max 
boncecssarx and replacing \ 
the screxx 

Bx tins technique the 

fracture is bndged xnth a 

vers niassix c graft anx 

stlcrosexl l>onc around the ^ 

fracture is x\ndclx opened ^ 

^ Fio 174 

up and tlic stnicturc of ™, ... . . . , . 

1 Tljc split boDO tcchnicpao. Tbo lino in 

the reconstructed Ixmc ap which tW tlbln I* divided ( t) and the 

proximntcs to normal (Figs roconatnictcd bono (B) 

17o and 170) The mctliod is howexer considcmblj more difilcult 
than onlnx grafting and entails a much xndcr subpcnostcal exposure 
of the tibia 
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be cut very accurately to fit the graft bed sufficiently cIoscIn to 
prevent its slipping into the medullary ca%aty of the host tibia 

Onlay grafting is a simpler and more effective procedure Such 
grafts should not, as a rule, be applied to the antero-medial surface 
(Figs. 11 and 12, 165-168). The difficulties, already described, of 
making the curve of the graft coincide mth the normal curve of the 
tibia anse Moreover, an onlay graft on the subcutaneous surface 
produces an unsightly prominence and may even make it difficult to 


A B c D 



Fig 173 


A The normal cuI^ e of the tibia B Mal-ahgnment piocluced by an 
accuratelv placed sliding giaft C and D Normal alignment can be 
pioduced only by counter-sinking one oi other end of the giaft, 

close the skin vuthout undue tension The graft is best applied to 
the antcro-lateral surface, and care must be taken to cut the graft 
bed so that normal alignment is produced when the graft is in 
position (Figs 1.59 and 160) 

I have found the use of a massive “ split-bonc ” graft a useful 
procedure in some circumstances ^ This is a variation of the sjilil- 
bone technique deseribcd by Gill - in connection vitb (be forearm 
hones. The fracture is reduced and fi.\ed vitb clamps or a small 
})lnl( applied to the extreme posterior limit of the aiitero-meduil 
surface The lione is then split in tvo m the jilanc of its jioslenor 
surface for about halt its length, tvo-tbirds of the split jitirfioii bung 
on tlu longer and one -third on iJic shorter fragment. J be sfoul 
puce of bone from the longei fragment is slid across tlu fracture and 
fixed with lour screvs and flu gaj) left is filled vilb the Imiu Irom 
flu sliorlf r fiagnu Id (I'lg 771. .\andlJ) Tlu jdale is n nun < <1 and 



FRACTURES 


OF TIBIA OR TIBIA 


and fibula 130 



no” techniqao 

B. ni» aiit«tJor pgrtion bivtoB been re m ored fVom the ehcrrter fnigmeot the 
• nterlor portion from the kinger fngment U remoTcd Asd placed acroM 
tbe fr*etaie. 

F Tbe graft la flied In podtlon with acrawe and the plate la removed. When 
the poaltloo ha« been cbeobed br radiugnipba gap prodnced by the 
downward ahlft of the giaft la flUad with the anterior portion Irom the 
aborter fragment. 
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PRE-OPERATIVE TREATMENT 

In recent liactures operation sliould not be undertaken until the 
immediate effects of injury have subsided, although occasional!} it 
may be justifiable to operate at once on fractures seen -withm an 
hour or so of injury and in which the skin is healthy and undamaged 

Not uncommonly fractures of the tibia and fibula are associated 
with blistering of the skin and severe bruising and oedema of the leg. 
and two or three weeks’ treatment in a posterior plaster slab A\itli 
skin dressings is necessar}’- before operation. 

IVhen shortemng with overlap of more than half-an-inch has liecn 
present for longer than two weeks this should be corrected by skeletal 
traction before operation. A transfixion pm is inserted through tlic 
lover end of the tibia and vath the leg on a Braun’s splint, traction 
IS maintained until shortening is corrected. A long posterior slab is 
then substituted for the Braun’s splint the pm is lemovcd, and the 
skin preparation is commenced as soon as the pm track has healed. 

Before operation on a fracture which has been immobilised for 
many months the plaster should be removed and the leg immoliihscd 
in a short posterior plaster slab for two or thice weeks During this 
period the patient practises toe foot, ankle, knee, and quadricejis 
exercises and the condition of the skin, usually tliin and atropine 
from immobilisation, and of the limb as a Avholc, impiovcs rapidh. 


TECHNIQUE OF OPERATION 

1. Onlay grafts. — A tourniquet IS ajijilicd and the leg is eoAered 
vitli sterile stockinet iiom the toes to just above the knee. 

The skin incision is made over the antcro-medial surface jnsl 
lichmd the crest and extends about hall the length ol the tihia. its 
eentrt being ojiposilc the fracture 

The periosteum is incised in the line of the skin ineision and is 
slnjiptd Irrim the tibia vitli an elevator. The hone should he 
eomjiktdv exjiosed for ahoiit an inch immediateh aho\e and Ik low 
the Iraelure. .iiul the .aiitero-nu di.il and anl( ro-Ial( ral siiif.iets an 


exposed lor the wlmlc length of the incision It is not ne<‘essar\ 
w lu 11 I ho onIa\ 1 eehiiKpie is ( iiiplo} t d to t xpose t lu post ( nor siirfae* 
( xcf pi in t he imnu (hate vieinit \ of tin Iraetiire. 

TIu Ir.ieliind surfaces .in earelully (h.ind of all lihioiis fissia. 


as lillh Ik>iu .is possible heiiig s.urifufd (hiring this jiroee 
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fracture IS tlicn reduced particular attention Iwing iwid to the 
alignment of the fragments and the n%oidftncc of am rotational 
displacement If reduction is embarrassed I>\ tlic presence of nn 
intact fibula it is ncccssarx to perform nn osteotoms or to rcfracturc 
this bone nt the Ici cl of the tibinl fracture 

Mlicn tlic fracture is reduced tlic tibia is held \nth bone forceps 
ivhilc the graft bed is prepared on its antcro-latcral surface A graft 
about flic Indies long and an inch mdc, cut from the opposite tiliia, 
IS then placed in position and held mth self retaining clamps The 
ivound is co\ crctl ivith a atcnlc towel and antcro-postenor and lateral 
radiographs arc tahen to cheeV. the nbgnmcnt of the tibml fragments 
It IS important to remember that these radiographs do not rc\cal a 
rotational diaplaccmcnt TUes must be asoidcd b\ obscremg the 
rclntionalup bctuccn the foot and the knee joint An) nial 
ahgnmcnt is corrected b> angling the lower fragment os nnidi ns 
mas be ncecssan, ond altcnng the shape of the graft bod inth a 
chisel so that the graft lies snugU m the correct position \\ hen 
rndiograplis show tlint the reduction is salisfoctor) the graft is fixed 
to tlic tibia \ntli four screws and the position is checked with further 
radiographs 

Bone chips arc tlicn packe<l around tlic fracture and the pen 
ostcum 18 sutured It is not always possible to close the periosteum 
corapictcl) a* the application of the graft considerabU increases 
the total diameter of the tibin Tlie skm is sutured and tlie leg 
IS immobilised m a hghth paddeil plaster extending from the 
metatarsal heads to the upper third of the thigh 

2 “Split-bone” technique — A tourniquet and stockinet arc 
apphed and the tibia is exposed through nn incision placed over the 
postenoT third of the subcutaneous surface and extending the whole 
length of the bone 

The periosteum is incised m the same line and the tibial shaft is 
completeli exposed subpenosteoUj Bone le\ets placed between 
the periosteum and the posterior surface of the bone and shd to the 
extremities of the wound net as retractors (Fig 177 A) 

The fracture ij reduced (Fig 177 B) and the tibia is fixed )n a 
sninl) plate applied to the extreme poxtenor edge of tile subcutaneous 
surface (Fig 177 C) Tlie position is checked b> radiograplis and 
am displacement » corrected bx removmg the screws which fix 
the plate to the lower fragment angling this fragment or bending 
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the plate as much as may be necessary, and reinserting tlic 
screws. 

^Mien the position is satisfactory the tibia is split in t^^o m the 
plane of its posterior surface for about half its length (Fig 177. D) 
two-thirds of the split portion being on the longer and onc-third on 
the shorter fragment This splitting is done with a single saA\ 
Using a blade of medium diameter the longitudinal cut is made first, 
and this cut is then deepened Mith a two-and-a-half-mch-diamctcr 
blade, which is sufficiently large to dmde the opposite cortex AVhen 
the end cuts have been made the detachment of the anterior hahes 
of the split portions is completed with a chisel The piece of bone 
from the shorter fragment is removed first, the portion from the longer 
fragment IS then removed (Fig 177. E), placed over the frnctuic and 
fixed in position vith four screws (Fig 177, F) The gap left is filled 
with the shorter fragment, which is fixed with a single screv 

The plate is removed, the position is again checked vith radio- 
graphs. and if any medial or lateral boving is present it is easily 
corrected by rcmo^^ng the lowest screw, angulatmg the lover 
fragment as much as may be necessary, and reinserting the screv 

Bone chips are packed around the fracture, the pcnostcuin and 
skin are closed and the leg is immobilised m a lightly padded jilasttr 
extending from the metatarsal heads to the upper third of the thigh. 


POST-OPERATIVE TREATMENT 

Foi two or three days after operation the patient is nursed with 
the Icff raised and the foot of the bed on blocks Toe exercises are 
practised assiduously, and there is not usually any marked post- 
operative svclhng or discomfort 

Tvo or three vccks after operation the padded jilasler is takfii 
off the skin sutures arc removed, and an unpadded jilaster is ajiplad 
from the toes to the groin Quadriceps and leg-raising txiaeiscs. 
vhich have hitherto been omitted because of tiie ineonijih l< pro- 
tielion afforded bv the padded plaster, are eoniiiK need, and are 


practised regiilarh 

Foul weeks after operatiem the patient 
.ibout e>n erutehes, anel two weeks later 


IS iillowe el te) start tlin^' 
diieet we ight-he ariiii: ni 


]dast( I is l)( gun 
Inuiudahsatie)!) 
Ir.ie t lire h.is unite d 


111 a full-lentrth jdaster is eontimieel until t le 
'fills IS to be e Njjeete el in troiii t we l\< to . u.dit« < u 
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■weeks hell there is chnicnl and mdiologicnl c\ndencc of con 
sohdntiou the plaster is remo\c<l niid quadriceps knee nuUc and 
foot c-vcrciscs arc conuiicnccd the limb lieinp supported iii a flmiK 
applied crepe bandage until all tcndciic\ to oxlenia has censed 

A pcncnl of between one and two months of int ensue cNcrcises 
is nccessnri before full function of the leg is restored and at tlus 
stage treatment ik best cftme<l out m an or^nisetl Rehabilitation 
Centre 

The results of bonc’gmftmg froctures of the tibia arc iisunlh 
most satisfacton firm ami rapid umou and full function of the leg 
arc to be expected m a high proportion of jmticnts 

FRACrtTREfi OP THE PATELLA 

Bone grafting lias no place m the treatment of fractures of the 
patella 
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CHAPTER XVII 


FRACTURES OF THE ANKLE 

A lmost all fractures in the region of tlie ankle can be reduced 
accurately by manipulation and subsequenth controlled by 
immobilisation in plaster, and the results of treatment on these 
lines arc good Treatment by open reduction and intcinal fixation 
has not produced umformh’- good results, nor has tins method 
decreased the period of disability usually associated nith these 
injuries It is particularly undesirable to introduce metallic foreign 
bodies, in the form of plates or screns, around the ankle joint for the 
purposes of internal fixation 

In a small proportion of fractures reduction by mnmpnlntion is 
impossible, usually because of interposition of soft tissue, and in 
these circumstances open reduction is essential if non-union and 
dysfunction is to be avoided. Open reduction should be eoinbiiied 
vitb internal fixation by means of autogenous bone pegs. 


INDICATIONS FOR OPERATION 

1. In fractures of the medial malleolus. —Fiaetures of ihe medial 
malleolus may be associated nilh disjilaceinent and coiujilete ^epmn- 
tion of the malleolus from the tilna (Figs. 178 and 170) 'J’hi'' max 

occur in cither adduction or abduction-extcrnal rotalion injuries and 
there max be associated fractures of the lowei end ol Ihe fdnila and 
jiosterioi margin of the loxx’cr articular surlaee <>( the tibia I\ h< n 
such displacement oeeuis the peiiosteuin ox'i r Ihe malleolus is not 
necessarily torn in the line of the tincture, but max' be ax'iilsi d Irom 
the maiieohis so that a long fringi is left hanging trom tlu tibia, 
'j’his fringe tends to become fr)lded betxxfcn (he fraelund siirfaei s 

.ind jirexents redutli«)n l)_x manipulation. 

This interposition ot soft tissue max ocfiir in anx l\p< ol li.ielUK 
of I he inalholus ni xxliieh t In re is displae<>m< u(. but is mon eonimon 
in alidiu tiou-rot.ition injurus, m xxhu'li (la Iraetun lim t< mis to lit 
tr.ins\trs(. than in addiutiou Iratluns. in uhnh lie fr.ulun hm 
is usii.dlx mon \ ( rf le.il. 

Ill 
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FlQ I’ft 

Fi^ 178 _ v frocturo of Iho iimlloolu* wIIIj complete scpnmllon 

afxJ (Ikplnccmcnt 

FiQ no — Tbe fn\rture «l>ow\i U\ Fig ITR nflcr open reauctlon mid 
flxfitlon with «n nutogcooin bone peg 



Fio 180 Fio 181 Fra 182 


PiQ 180 — A fracture of the medial umlleoltw with Interpoaltlon of soft tlwuo 
between the fracture aurlhcee. 

FiO 181 — The fracture abown in Flff 180 after an attempt at manlpolntlre 
roduotlom 

Fia 1S2,— Tho fracture thown in Flga. 180 and 181 eight wooLb after open 
reduction and grafting 


11 
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If accurate apposition of the fracture surface cannot be secured 
In luanipulation tlic fracture should be exposed and the interposed 
tissue removed Tins fracture can then he reduced accuratelv and 
the intcnial malleolus is fixed in position mth an autogenous bone 
peg (Figs, 180. 181. and 182). 

Operation is indicated as soon as possible after injurv. but quite 
often such fractures are first seen in the later stages -when fibrous 
union IS associated with pain and disability Bonv union can be 



Fio i.sa l'i(. isj 

I'lG IS'} — A fom -inonllis-(iI(l un-unitcd fiaclnu of llii' lowci oiul of lln* fil»ulM 
Fio IS’ I — Tlie fi.icittrc ‘ihouii in Fifj 1S'{ afloi ni.ifhitu 

seemed In exposing and clearing the fracture smf.iees. and p'gtung 
the malleolus in jiosition, 

2 . Fractures of the lower end of the fibula. — Tnti rpositnui ol soft 
tissue IS not I'ominon in fractures of the loner end of Die /ibula. lad 
can fieeur jini tn'ularl_\ in transeerse fractures associated nith inarivtd 
dis])lae( UK 111 If m such fractures aeeurati ajiposition of tin 
frailurtd surfaces cannot ]» sei'und b\ manipulation tin lonir^/id 
ol tin hbiil'i shoiihl In (xposiil. the bonc-( nds (band, and tin 
fr.tclun li\«d with an nut ogt nous bom p( g 

In hbnhr ira l( rpi soft tisMa (oimnoiih p< 

min(oM,uvfd u r am remb n- . xplor.Uion of 

I 1 m frac’tun iM 
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3 In posterior marginal fractures of the tlbial articular surface — 

In fmctiircKlislocntions of the nnklc i)ostcnor displnccnicnt of tlic 
astmpnlus is nssocifitcd wtli fmeture of t)ic posterior margin of the 
tibinl articular surface Tlic |K>stcnor ninrgiiinl fragment is disjilaccd 
backwanl and upward and this disjilnccincnt is not nlun\s com 
plctcl\ corrected wlien tlic dislocation is redncctl b\ manipulation 

It has l>cen stnte<l tliat correct replacement of the astragalus is 
the mam considcrntion m trealnient and that tlic position of the 
fragment is rclnli\cl\ ummportnnt tlie “step” fnmic<l at its 
junction iMth the main articular Mirfaec lx*ing of no siginncaiicc ns 
the fragment is displnct^il n\\n\ fnmi the joint ^ This is true in the 
nlnJont^ of such injuncs in which oiiK a small projxirtion of tlic 
articular surface is earned on the postenor fragment OccnsionnlI\ 
howc\cr the fragment includes more than a tliml of the articular 
surface and if nn\ niatcnnl upward displacement of such a large 
fmgnicnt is allow c<l to jiorsist jiostcnor sublu\ation of the astragalus 
occurs on plantar flexion of the ankle Tins is n source of pcnnnncnt 
disnbihU which is sul^cqucnll\ increnstd b\ the dc\clopmcnt of 
arthntic changes in the nnklc joint 

If a postenor marginal fragment earning more than a quarter 
of the infcnor articular surface of the tibia cannot lx: reduced b) 
moiupulntion ojxn reduction and fixation of the fragment b\ an 
autogenous IwHC peg IS indicated (Figs 1&5 180 187 and 188) 

FHACJTTJRES IN WHICH BONE-ORAITINO IS NOT INHIOATED 

1 Oblique and spiral fractures o! the lower end ot the fibnlar 
shaft, — In abduction cvtcmal rotation fracturas of tlic ankle the 
lower end of the flbular shaft is fractured Acn obhqueh Provided 
normal relationship Ixtwecn the tihio, the astragalus, and the 
mallcoh can be rc-stored b) mompulation it is not necessary to secure 
accurate apposition of tlic fibular fractured surfaces (Fig 189) 
Indeed, stereoscopic rodiogmplis show that some gap persists after 
manipulation in almost half these fractures This docs not appear 
to interfere wth adequate bonj union and it is not necessary to 
continue immobilisation of the ankle until the gap has been com 
pletch obliteratf^l a process which ma\ take some months It is 
therefore unncccssan if reduction is adequate in other respects, to 
secure accurate apposition of the fracture surfaces bj operation 

2 In tiblo-flbular diaifiuttg. — ^Increasing attention has recently 
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Fig 191 

A comminuted fracture of the medial malleolus Operative 
treatment of commmuted fractures is unsatisfactory 


Fig 102 

A\'ulsion of a small fragment fiom the medial malleolus. 
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spite of nttcnipled innnipulntuT rwluctioii (Up 102) In tins tv^pc 
of mjun the importnnt fnctnr is (Inmnpe to tlic Intcnil hpnincnts of 
the nnkle Ilcnlmp of these hpninrnts follows cffcctnc itmnobilisn 
tion of the nnkle niul it is (jinlc unjnstifinlili to nttenipt to secure 
flccumtc reposition of the nMilseil fmpiiunl h\ ojKmtion 

PRINCIPLES OF OPERATION 

In recent fmetures iif tlu the interposed flop of iK.n 

ostcnni enn lie sicn nnd withdmwn wlitii the fmetnre is cvjioscd 
and nftcr tlu fmetim snrfnces ha\e Ikm-II elmnd of blood clot 
reduction is ensil\ effeetid In old injnncs the fnictiirc surfaces nrc 
scpnratetl 1)\ fibrous tissue ^^hlcl^ must lie renio\«l coniplctclN b\ 
sharp dissection 

IMicn nccumtt npiufsilion of the fmetnre hns Ixicn sccurt‘<l n 
S^Otli inch drill is dn\cn nrn»ss nnd ns nearl\ ns jK>ssiblc nt npht 
angles to, tlic plnnc of fmclun. ninl nii nulopcnoiis luuic pep is dn\cn 
olonp the drill Imck Tins jiop is slin|)c<I to fit the drill Iiolc \en 
closcb nnd is sliphth ln|Krcd so Ihnt when it is dn\cn lionic the 
fracture is inipnctcd nnd finiiK fi\c<l (hips 179 nnd 182) 

An nutopenmis Ikmic pep hns scscml ndvTintnpcs o\er n inetnl 
icren os an npent f<ir fixation \utopcnous Iwnc produces no 
rcnction nnd esen n hnrd corticnl pep hns sonic osteogenic \nliic 
eonscqucntls union of the fmeture is ncccicmtcd mlhcr tlinii rctnnkd 
b) the introduction of tlic pep T/ic soft cnnccllous bone m tlic 
region of tlicsc fractures is not sen cfncicnth pnppcd b} tlic tlircnds 
of an ordinnn screw nnd fixation In menus of n tapered pep is more 
stable AMicn nn nutopenous pep is used there is no possibility of 
subsequent coniplicntions due to the presence of n nictnilic foreign 
bod\ in tile region of the nnkle joint 

PRE-OPERATIVE TREATMENT 

In recent fractures operation should be earned out as soon as 
possible after it has become olmous that accumte reduction cannot 
he secured by mnmpulntion Skin preparation is started when 
the immediate effects of injur\ Jinve subsided If there is gross 
swclhng and bnnsing around the nnkle with blistcnng of the skin 
immobilisation m plaster for a sicck or ten days is indicated pnor 
o skin preparation T\hcn the reaction is less severe a pressure 
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bandage and a temporary back splint for three or four days is all 
that IS necessary 

No speeial pre-operative treatment, other than the usual skin 
preparation, is necessary in old injuries 


TECHNIQUE OF OPERATION 

1. Fractures of the intemal malleolus. — A tourniquet is applied, 
the pre-operative dressings are removed and, when the skin has been 
painted with an antiseptic, sterile stockinet is applied from the toes 
to the knee 


A small incision is made over the tibial crest in its middle third 
and a cortical bone peg is cut ■with a single saw: The incision is 
closed and the peg is held m a vice and shaped with a file, so that it 
IS exactly 3/16ths of an inch in diameter at its point and increases 
slightly m thickness towards its base 

A second incision about two-and-a-half inches long is made over 
the centre of the medial aspect of the internal malleolus and lower 
end of the tibia and extending half-an-inch below the tip of the 
malleolus The penosteum is di-\aded m the line of the skin incision 
and is gently separated from the medial surface of the malleolus and 
tibia wuth a blunt elevator In recent fractures when the periosteal 
flaps have been mobilised a fringe can usually be withdrawn from 
between the fracture surfaces, which are then separated only by 
soft blood clot In old injuries it is necessary to remove a layer of 
fibrous tissue from the fracture surfaces by dissection vath a shaip 
elevator or osteotome 

When the fracture has been cleared reduction is effected In 


isolated fractures the malleolus is gripped with retinaculum foiccps 
and drauTi into position while the foot is dorsiflexed and the ankle 
adducted by an assistanc If there is an associated dislocation ol 
the astragalus and fractures of the lower end of the fibula oi posterior 
tibial margin tliese are reduced by manipulation before reduction of 
the internal malleolus is attempted 

When the fracture surfaces have been brought into close and 
accurate contact a .3/16-inch drill is driven through the malleolus, 
across the fracture, and ivell into the lower end of the tibia This 


should be introduced as nearly as possi 
fracture surfaces and is "t inserted 
drill IS mthdrawn a . peg is t 


frht angles to the 
cctric dull The 
o its track and 
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pciitl\ tnp|x^l lionie >\Ttli n innllel niul piincli Tiic slight tnjicr m the 
peg onuses it to pnj> the Ihuic \en flnnh nnd irupnet the fmeture 
^Micn tlic peg IS >\ill liorne it is cut off Hush with the ninllcolus 

The periosteum niul skin nre closed uith intcrni])tc(l sutures nnd 
tlic nnkle is imiuohilisetl in n lighth pnddtd jilnstcr extending from 
the nictotorsnl licnds to t he up|K r end <tf the tihm 

C Fractures ol the lower end of the fibuln — lien n peg hns l>cen 
cut from the tiliinl cn^st tlu lower tiid of the flhiiln is c\iK)s<d 1)\ n 
vcrticnl inasion ixltiiding iipwnnl from n jHuiit hnlf nn incli liclow 
its tip 

Tlie fmclun is ek'nnd nnd ndiietd so tlmt the fmeture siirfnccs 
arc 111 close nnd intimnte ctmtnel V I 10 inch drill is intixMluecd 
at the tip of the fihuln nnd dn\rn iipwnrtls through the distnl 
frngnitnt ncross the fmclun nnd up the c< litre of the flbiilnr shnft 
Care must lx: taken to n\(iid nngulntiiig the lower fragment of the 
Bbuin nutwnrd duniig tins proot*ss su(h nn nngulntiou widens the 
tihio-fihulnr socket nnd causes inslnbilits of the nnkk The drill is 
introducctl in the line of the ftbiilnr shaft thnl is nhnnst scrticnlh 
upWTirds nnd ifnccessnrN its pisition is ohcckid h\ radiographs 
Tlic dnil is then withdrawn nnd tlu Ixnu ]>rg is dnMii liomc nnd 
cut off flush with the flhuin (Hg 18t) The wound is closed nnd 
the nnkk is inmiobihscel in n hglith pnddexl plnste r 

8 Fractures of the posterior margin of the Inferior articular 
of (he titua. — A tounuqiut is npp(ii‘<I nnd n peg is cut from 
the tihial crt‘st in tlu nsunl wii\ The pnticnt is then turned fnee 
downward nnd nn incision js iiimlc nhuig the mcdinl border of the 
tciulo Achillis extending upwards for nl)out fisc inthcs from the 
Icicl of the mlcrnnl ninllcolus 

The tendo nchillcs is retracted InttralK to expose the lower end 
of the tibiQ crossed oblupich from nbo\ e dowiiw nrtl nnd mcdinlw nrd 
h> the flexor hnlluas longus 1 his muscle is mobilised nnd retracted 
inward to expose the posterior Mirfnee of the bone nnd the displaced 
fragment The posterior displnecmcnt of the nstrngnlus is correeted 
h\ manipulation the ankle is dorsiflcxed nnd the foot is held b\ nn 
assistant with the anterior aspect of the lower end of the tibin resting 
on a sandbag The tibinl fragment can then be replaced m its bed 
^thout much difficidts and is held m position with rctinnculum 
forceps while a Sloth inch drill is driven through it into tlie tibia 
^8 drill should be introduced sbghtlv upwards as the peg is 
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most efficient mechamcally when placed in this axis It is helpful to 
introduce a second smaller drill which is left in position while the 
3/16th-mch drill is withdrawn and the peg inserted (Fig 186). 
When the peg has been driven home the second drill is removed, the 
fracture is impacted, and the peg is cut off flush with the tibia 

The wound is closed and the ankle is immobilised m a lightly 
padded plaster from the metatarsal heads to the knee, the foot being 
firmly held by an assistant to control any tendency^ to posterior 
re-displacement of the astragalus while the plaster is being applied. 

POST-OPERATIVE TREATMENT 

Toe and knee exercises are begun immediately after oiieration 
and are continued throughout treatment. 

Three weeks aftei operation the padded plaster is removed and 
an , unpadded plaster is applied Patients can then begin getting 
about on crutches, and direct weight-beaimg is started in simple 
fractures four weeks after opeiation and four weeks later m fractuie- 
dislocations 

Immobihsation in plaster is continued until the fiactuic has 
united This is to be expected m between eight and fourteen Aveeks 
When union is complete the plaster is discarded and anlde exercises 
and a graduated return to full activity are commenced, a firm cicpc 
bandage being worn from the metatarsal heads to the knee until all 
tendency to sAvellmg around the ankle has ceased 

The results of operative treatment of these injuries aie good, the 
gait and function of the ankle usually being noimal about six Avccks 
after the plaster has been removed 
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FRACTURES OF THE TARSUS 

I N ccrtnin l\i>cs of nuninnmUd fnichm‘s {)r fmolnro dislocnlioiis 
in\(>I\jn;i (iiu <jr olljirdf tin Inrsiil jomls tiun is irrcpnmblc 
dninnpr to nrtuulnr cnrlilnj^t Siilisi ipK n( iirtlintis of the 
affected jomt willi puin u»d d»sid«hl\ ismt\nti\l)U nud trcixlmeut 
should include n pniunn nrtlinidcsis <»f (li< <lisor;'nnisc“<I joint The 
use of nn nulnjjtnoiis Imiiic pmfl nm\ Ik nn tssttdinl feature uf the 
opemtue tcoluiKiuc of nu nde<|unt< and x\< 11 phmncd nrtlmKli sis 

INDICATIONS FOR THE USE OF A BONE-GRAFT 
1 Fractures of the os calcis Involvluc the posterior subastragaloid 
loiat — In fort\ fixe per cent of nil fmotures of the os cnlcis the 
postenoT sxdsxstmpnloid joint ntoiu is dirnth in\olNctl llic 
fracture line crosses thcj<nnt surface and the articular cartilage is 
contusctl and ctunnunultd The \anoiis mclluKls of trcntnient b\ 
traction lateral compression nixl rotation pnKlncc at l>cst nn 
appnixinintcK necumte reilutlion and tlic joint surface is not 
restored to nominl The nrtieninr surface of tin os cnlcis remains 
irregular and tlic cnrtilngt oflMith os enleis nn<l astragalus is contused 
and cruslic-d Sule*cc|ucut nrtlintis is incxTtnble and is probflbh in 
a large measure rcsjxonsiblL for the intractable disnbibtx so often 
associated xntli tlicsc injuncs Inimcdinte arthrodesis of the snb- 
astmgnloid joint for tins txpt of hijiirx uns nihisod b\ ^\ilson in 
I and this uonld appear to Ik* the onh logical method of 
^^tnicnt After rcmoxnl of tlie articular cartilage the joint should 
packed xnth Imnc cliijis and fixed with a stout I>onc-grafl 
2 Comminuted fractures or Iracture-dlslocationfl of the tarsal 
*®®Pholi — In comminutcxl fractures or fracture dislocations of tlic 
^rsal scaphoid the articular cartilage of tins bone is permanently 
b\ a combination of direct injun and interference xnth 
blood supplj to the displaced fragments Although accurate 
ction niaj be aclucscd bj manipulation or b\ open operation tlic 
cartilage is subsequentlj replaced bj fibrous tissue and 
105 
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arthntis of the astragalo-scaphoid and scapho- cuneiform joints 
occurs. The persistent pain and disability associated uith tins 
condition is in striking contrast with the results of treatment by 
immediate arthrodesis of the astragalo-scaphoid and scapho-cmieiform 
joints An adequate arthrodesis, which includes stabilisation of the 
excised joints by means of an autogenous graft, produces a painless, 
fully functional, and well-shaped foot 

3. Commiiiuted fractures or fracture-dislocations of the cunei- 
forms. — The position in regard to comminuted fractures or fracture- 
dislocations IS exactly analogous to that m similar injuries of the 
tarsal scaphoid The most effective treatment is immediate arthro- 
desis of the scapho-cuneiform and cuneiform-metatarsal joints 

PRINCIPLES OP OPERATION 

1. Fractures of the os calcis mvolvmg the posterior subastragaloid 
joint . — The posterior subastragaloid joint can be exposed through a 





Fig 193 

Tlie postenoi subastiagaloid joint has been excised, packed itb 
bone chips, and immobilised ivith a stout autogenous graft 
(Radiogi'aph taken at conclusion of operation ) 

small incision and the articular cartilage removed fiom tlie os calcis 
and astragalus Tins produces a gap which must be filled vhh bone 
ehips if aithiodcsis is to be rapid and certain Some bone can be 
lemovcd fiom the lateral surface of the os caleis and used fin this 
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purpose but l)onc from this s<«irn, i*i not \cn ostcopinic nor is the 
amount n\*nilnl)lc coinplddv ndiqtmto AIorto\cr, nflcr opcmtion 
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tio 106 

Fia« 101 Qjjj JOG — Hadloftmplw taken three months after 
artlirodeets of the posterior subastraffaJold Joint 

these lines the joint is unstable and it is difhcult to control tilbng 
the os calcis and prevent recurrence of a valgus deformity of the 
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heel immobihsation m plaster Tins instability also prevents 
early weight-bearing because of pain and the danger of re-displacement 
in plaster If excision of this joint is combined with internal fixation 
by means of a bone-graft driven through the neck of the astragalus, 
across the joint and fracture hne and well into the tuberosity of the 



Pig 197 

Figs 196 and 197 — A comminuted fracture - dislocation of the first 

cuneiform 

OS calcis, these difficulties disappear The graft is cut from the tibia 
and at the same time an ample amount of cancellous bone can be 
removed and used to pack the excised joint (Fig 193) lifter 
operation by this technique n eight-bearing can be staitcd m 
tvo or three veeks and fusion of the joint is rapid and certain 
(Figs 191 and 195) 

2 . Commmuted fractures or fracture-dislocations of the tarsal 
scaphoid or cuneiforms. — The essential features of an nrtlirodesis for 
these t}pes of injury arc complete removal of the articular eaitilage 


«. —I - -r;:' 





5lus IDH and iOO — Tljr froctuto ahown \n IW and 107 tl»r»^ 

months nftct open reduction ond «irthr<idc*<ls. TIh* pmfl was Insertisl 
from the medial hurfnee belnn dri\cn ndRowaTK Into a vUrt, ail witl> a 
double saw 

dfipp and nnrrotT sWt cut with a double saw A ttlnal pTafl i'; \\sc<l 
and the method of introduction differs from the usunl inlat tec 
m that tlw* graft is mtroducctl edgeways Tlic slot svlncli is t!)#^ 
bed cTlends as far as possible into the bones on each side 4I 
erased 3omts the graft is dnsen •well home with a punch nal 
protruding portion is smoothed down with a file (Pigs 100 and: 

198 and 100) J 



160 BONE-GRAFTING IN TREATME 


NT OF FRACTURES 


PRE-OPERATIVE TREATMENT 

These injuries are often associated with gross swelling and bruisin^ 
of the foot and a period of treatment with pressure bandages and a 
back splint, or immobihsation in a temporary plaster, is necessaiy 
to allow these immediate effects to subside. The skin of the foot 
has a poor blood supply and wounds are notoriously hable to break 
douTi after operation. For this reason it is particularly essential 
that the skin should be healtlty and skin preparation meticulousl)' 
thorough before operation 

The patient is instiucted iii toe exercises as soon as possible after 
injury and these must be practised assiduously. 

TECHNIQUE OF OPERATION 

1. Fractures of the os calcis involving the postenor sub- 
astragaloid joint. — A tourniquet is used and sterile stoekiiiet is 
apphed from the toes to the knee The posterior subastragaloid 
joint is exposed by a two-inch incision curving forward from the 
tip of the external malleolus. The peroneal tendons are mobilised, 
retracted downwards, and the joint capsule is divided m the line of 
the skm incision The joint is opened up b}^ tilting the heel medial- 
wnrd, Avhen surprisingly extensive damage to the articular cartilage 
of both os calcis and astragalus is usually observed Using a thin 
chisel, the cartilage is completelj’' removed from both bones, together 
with sufficient bone from the medial half of the joint to correct any 
valgus deformit}^ of the heel A second short incision is made over 
the anterior aspect of the neck of the astragalus, w'hich is exposed 
by separating the tendons of the tibialis anterior and extensor 
hallucis longus. The limits of the tibial and scaphoid articular 
surface are defined and, Avhilc the foot is steadied by an assistant A\ho 
holds the os calcis in normal relationship to the astragalus, tw'o drill 
holes aie made in the centre of the long axis of the neck with a 
3/lGth-inch drill aaIiicIi is directed towards the centre of the lower 
border of the tuberositv of the os calcis A chisel w itli a thicc-quai’ler- 
inch blade of uniform thickness is driven through the neck ol the 
astragalus in the same line, joining the drill holes The cliisel crosses 
the postenor subastragaloid joint, enters the os calcis, and is drnen 
home until it approaches the limits of this bone. Its position is then 
checked bs radiographs Two points arc of importance during this 
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stage of the operation The prcliminnr) dnll liolc^ prc\cnt ephtfmg 
of tlic neck of the ostrapnlus wlicu inserting the dnscl nnd the tibml 
and scaphoid articular siirfaccK ore seen niul n\ 0 Kkil Care is taken 
to prevent Nnlgus tiltmp of the os cnlcis ns tlio clusel is inserted 

An incision is made o\cr the siibcntnncoiw surface of the tibia 
and a graft the exact mdth of the chisel blade and about four mid n 
lialf mclics long is cut with a double saw Tlic loose cancellous bone 
IS ^cmo^cd from the deep surface of the graft and is pnckcsl into the 
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Flos. 100 rthI 201 — \xlnl vleww tnVen at opctntlon eliowlna tho 
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posterior subobtrngaloid joint around the chisel blade The graft 
IS smoothed and sliapcd a little with n ftlc so that it can be dnven 
easily along tlic chisel track The chisel is then Creed by a few gentle 
taps with a mallet •withdrawn and the graft is dnven home along 
ite track- After its position has been checked bv radiographs 
(Kgs 21 and 22 200 and 201) the protniding portion is cut off flush 
with the neck of the astragalus the incisions arc closed and the leg 
IS immobihscd m a -well padded plaster extending from the metatarsal 
heads to the knw 

2. Comminuted Irsictures or Iractiir^^iBlocatioM ol the taml 
•cajlhoid or ctmeilorm*, — A tourniquet is applied and the limb is 
coYCTod with sterile stockinet m the usual way The skin incision 
c^dendB from the centre of the neck of the astragalus to the centre 
of the dorsal aspect of the shaft of the first metatarsal The tendons 

12 
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of the extensor hallucis longus and extensor digitorum communis are 
mobihsed and retracted lateralward. The incision is carried doum to 
bone and the fracture or fracture-dislocation is exposed. Displaced 
fragments are reduced and the articular cartilage of the affected 
joints is excised. The joints excised are the astragalo-scaphoid and 
scapho-cuneiform in fractures or fracture-dislocations of the scaphoid, 
and scapho-cuneiform and cuneiform-metatarsal m fractures or 
fracture-dislocations of the cuneiforms Occasionally these injuries 
are combined, when all the joints on the medial side of the foot must 
be arthrodesed. 

A^dien the articular cartilage has been completely removed the 
foot is moulded into a normal shape and held by an assistant while 
a slot IS cut on the dorsal aspect of the excised joints, using a double 
saw with the blades adjusted so that they are three-tenths of an inch 
apart This slot should extend well into the bone on each side of 
the joints to be arthrodesed. 

The subcutaneous surface of the tibia is exposed and a graft, 
about three-quarters-of-an-mch wde and the same length as the 
graft bed, is cut vnth a single saw. This graft is inserted into the 
slot edgeways and is tapped home with a punch When it is well 
home the protruding portion is smoothed down vath a file (Figs 198 
and 199) 

The incisions are closed and the foot is immobilised m a well- 
padded plaster extending from the metatarsal heads to the knee 

POST-OPERATIVE TREATMEKTT 

Post-operative svelhng of the foot is not uncommon and pressure 
from inadequately padded plasters may produce permanent fihrotic 
changes m the muscles of the sole and prevent primary healing of 
the incisions by causing gangrene of the skin edges For this reason 
the plasters applied at operation should be padded vith several 
layers of wool; if this is done it is seldom necessary to bi-valvethe 
plaster on account of sv cllmg 

Toe exercises are begun innnediateh" alter operation and are 

earned out regularly by the patient 

Three vccks after operation the padded plasters arc taken off, 
the sutures are removed and unpadded plasters are apjilied. riicse 
plasters extend from the metatarsal heads to the kiue and arc 
moulded to the longitudinal and transverse arches of the foot. 
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CHAPTER XIX 


FRACTURES OF THE METATARSALS 

I N fractures of the metatarsals displacement is not usually gicat, 
and bony union occurs rapidlj'' Subsequent function depends on 
the shape of the foot as a whole rather than on the loeal condition 
at the site of the fracture Preservation of the longitudinal and 
transverse arches and avoidance of bony protrusions m the sole and 
clawing and limitation of movement of the toes are much more 
important than accurate apposition- of the fractured surfaces For 
these reasons operative reduction and bone-giaftmg is seldom 
necessary in the treatment of metatarsal fractures. 

INDICATIONS FOE BONE-GRAFTING 

1. Displacement sufficient to cause subsequent disability which 
cannot be controlled by external fixation. — Occasionally the distal 
ends of the shafts or the necks of three or four adjacent metatarsals 
are fractured, and the heads and short distal fragments become 
displaced upward and laterally, while the distal ends of the proximal 
fragments project into the sole of the foot If these fractuics arc 
allowed to unite in malposition callus formation around the distal 
ends of the proximal fragments produces painful protuberances in 
the sole of the foot, while the displacement of the metatarsal beads 
causes claying of the toes. 

Such fractures can often be reduced and controlled by a combina- 
tion of fixation of the foot m a well-moulded plaster and contiiiiioiis 
clastic traction on the toes If, hoy ever difficulty is cncounteicd in 
securing or maintaining reduction by these means open reduction 
and internal fixation by an autogenous bone-graft is indicated 
(Figs. 202 . 20 . 3 . and 204 -). 

2. Fractures of the first or fifth metatarsal shafts with estabhshed 
non-union. — As a result of bone loss, interposition of soft tissue, or 
inadequate immobilisation a fracture of a metatarsal shaft mav fail 
to unite. Tyo alteniatives are then available, subjicriosleal excision 
of the whole distal fragment, or bone-gra fling of the Iracturc. 
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Fjo 202 — Ff«rtunn nC tlw «oeuiul and Ihlrd mc-lncarpal ncckrt with fl 
dKlijenttm tj{ the fourth nw*t«rnrjK>-pJu»l*nRrol iulnt aflcr nn attempt 
At iiianlpulntKr mtnetloii 

Fkj 203 — Tl«? fmeturvH «h«»»n in hxt 202 nfl<^ npplkntJcm of »trong 
<‘hwtic tmetkm to tin* to<^ Iteductkm te itili not Bccumte 



Flo 201 

Th« end w*ult In tUo cn*e ahown in tlga 203 and 203 Both fracture* 
un united and the disloeation ts unw^iuewL Thle typo of injorv is 
twit treated by open reduotlon and Interruvl ftiatlon of tbo fracture* 
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Excision of the distal fragment of the first or fifth metatarsal is 
contra-indicated and bone-grafting is necessary, but m im-unitcd 
fractures of the second, third, or fourth metatarsals excision is 
probably the simplest and most effective procedure. 

PRINCIPLES OF OPERATION 

It is comparatively easy to expose, clear, and reduce fractures of 
the metatarsals, but it is often difficult to secure stable internal 
fixation by means of an autogenous bone-graft 

In fractures of the distal ends of the shafts or neeks of three or 
more metatarsals the short distal fragment can be held effectively only 
by means of an intramedullary peg It is not al^va5^s necessaiy to 
fix each individual fracture, fixation of one may be suffieient to 
prevent re-displacement of any 

In fractures of the first or fifth metatarsals with established non- 
union intramedullary pegs are less satisfactory than small inlav 
grafts inserted m the exposed medial or lateral sui faces of tlie bone. 

PRE-OPERATIVE TREATMENT 

In recent injuries operation is indicated as soon as possible after 
it has become obvious that the fractures cannot be controlled by 
external fixation When the immediate effects of injury have 
subsided skin preparation is started, particular attention being 
paid to the mtcrdigital clefts, and operation earned out a few days 
later. 

Toe exercises are an essential feature of treatment and no effort 
should be spared m encouraging the patient to persist assiduously 
with these exercises. 


TECHNIQUE OF OPERATION 

1. Multiple fractures with displacement. — A toumiquct is applied 
and the foot is covered vith stockinet in the usual vay 

The fractures aic exposed through separate incisions placed over 
the dorsal surface of the distal tvo-thirds of the affected bones. 
The extensor tendons arc mobilised, retracted, and the fractures are 
exposed When the bone-ends liave been eleaied the fractures an 
reduced bv manipulation and the tendency to re-disjilaet meiil n 
assessed Oblique fractures aic vcr> unstable and rt-displaee im- 
mediately traction on the toes is relaxed, vhile trans^crs( traetures 
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arc conipnmtnch stftblc once reduction hns been cfTcctcd If 
nxluiplaccnicnt occurs rcfnfil\ internal fixation of each indmdiwl 
fracture !•> ncecsvin while m t he more stable t\ }xj it ir nccessnn to fix 
onl\ one or tno of the fructnres 

Kn inCLMon is mode o\cr the crest of the tibm and the rcquircil 
number of short cortical j)c{p> are cut from tins Ixmc Tlicsc pegs 
are inserted into the proximal fragments of tlic metatarsals to be 
mimnlnliscd, so tliat nlxnil n qiiartcr-of an inch of the peg is left 
protruding Tlic nicdulian cnsits of the distal fragments is reamed 
out these fmpiients arc thrcaihd ” o\*cr tlic protruding jx>rtions 
of t!>c pegs In ninnlpulntKm ami llie fractures ore inipoctcd 

Tlie mcisKins arc closed and tl»e f«Mil is inmiobihsed in n well 
padded plaster extending from the mctninrsol iicads to tlic knee 
Particular attention is paid to ninuhlmg tlic plaster so tlint the 
kmptudinni and trnnsserv arches of the foot are supported 

2 Fraotnres of the first or fifth metatarsal ihafU with established 
non-tmiom — IMicn n toumt<ioct and ktenlc stockinet ha\-e Ijccn 
applied the shaft of the afTedctl metatarsal is exposed through a 
dorsal incision extending tlic whole length of tlic bone 

Tlk. fmeture is c\p<»scd subpcnostcalK and the ))onc ends arc 
cleared of fibrous tissue Tlic fmeture is reduced and tlic graft bod 
IS cut on the most accessible surface tliat is on the medial in the 
first and lateral m the fifth of tin metatarsal Tins bed is cut witli 
a double saw adjusted so that tlit blades arc a qimrtcr*of an mch 
apart, and sliould be about two indies long 

The subcutaneous surface of the tibm is exposed and q graft two 
inches long and linlf an inch widi is cut with a single saw smootlied 
and inserted cdgcwa\s into the graft bed The graft is tapped well 
into the medullar) cavit\ with a punch, the protruding portion is 
removed with mbbhng forceps and smo<»th<xl with a file Cancellous 
hone IS packed around the fmeture and the skm incision is doiied 
The foot IS immobilised in a well padded plaster extending from 
the metatarsal heads to the knee and moulded to the arches of the 
foot 

POST-OPEBATIVB TBBATHENT 

Toe exercises arc recommenced immediately after operation and 
®re practised b) the patient for at least tui mmutes of even hour 
througlwut the da\ 

The padded plasti-T is taken off in two weeks skin sutures are 
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removed, and a well-moulded unpadded plaster is applied. In 
multiple fraetures a felt pad is plaeed in the sole under the heads of 
the seeond, tliird, and fourth metatarsals to support the transverse 
areh. Toe exereises are eontmued and four necks after operation 
direct weight-bearing in plaster can be started 

Immobilisation is continued until the fra etui cs have united, the 
plaster being changed when neccssar3^ Union is to be expected in 
from eight to ten weelcs in recent fractures, and m from ten to sixteen 
weeks m fractures mth established non-union. 

When consolidation is complete the plaster is removed and the 
patient is instructed in foot exercises. These exercises should be 
carried out regular!}'', and a few weeks’ treatment at an organised 
Rehabilitation Centre is of the greatest value at this stage. 

The results of treatment of metatarsal fractures dejjend con- 
siderabl}'- on the age of the patient and on the condition of the foot 
pnor to injury. In young adults witli normal feet the results arc 
satisfactory. In older patients and m those with some pre-cxisting 
foot deformity, particularly m tliose mth a pcs cavus or a clawing 
of the forefoot, some permanent limitation of toe movement, with 
pain of a metatarsalgic type after prolonged walking or standing, 
often occurs. 
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SCAPHOID FRACTURES TRANSFERRED FROM OTHER SPECIAL 

CLINICS 


oi 

FnACTUiirs 
Tbi'.ati d 

1 

Number or 
Fractures 
GRA l'TEr) 

Per Ca^xT 
Grafted 

Indications tor Orer vtiov 

? 

i 

14 

i 

9 

Grafted nftci a period of some 
months’ effectne immobilisa- 
tion failed to produce am 
c\ idcnce of union 8 

Gmfted because of a ar\ m^ 
degrees of bon\ cliangcs in 
the scaphoid t 

Established non-union 2 


RELATION BETWEEN DELAY IN COMMENCING EFFECTIVE INITIAL 
TREATMENT AFTER INJURY AND INCIDENCE OF GRAFTING 
(CARPAL SCAPHOID FRACTURES) 


Under , 
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ARTHRODESIS NOT INCLUDED IN PREVIOUS TABLES 


Joint Arthodi sed 
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tlie lesion thus protected, to engage in as Mgoious activity as possible, 
ratlicr than to cease immobilisation as soon as there vas clinical 
evidence of union and to restiict activity until consolidation vas 
complete. 

In the 100 cases analysed no union vas secuicd in tvo instances 
One fracture of the carpal scaphoid (Table III. 30) and one fracture 
of the tibia (Table lY, 46) failed to unite. Both these failures Aicrc 
due to post-operative mfeetion. 

In three of the 98 eases whieh did unite there was grave dcla\' 
m union. In one fracture of the femur (Table IV. 40) consolidation 
was accepted as complete 19 weeks after operation and immobilisation 
vas ceased. Two weeks later the femur and giaft were refiactuicd 
and a further period of immobilisation of 21 weeks (42 weeks m all) 
was necessary In two fractures of the tibia (Table IV. 41 and tS) 
post-operative infection occurred, part of the grafts sequestrated, 
and periods of immobilisation of 11 months and 27 months vcrc 
necessary to secure union 

These results can be summarised by saying that in tuo pci cent 
of cases the operation failed in its object, the cause of failure being 
post-operative infection In a furtlier three per cent of cases post- 
operative complications greatly delayed bony union, although this 
was ultimately secured 

* Jloore, .Tohn Ro^nl, “Bridging of Bone Defect"! m Conijioiind Wound"!.” Journnt of 
Bone and Joint Surgery, \lii, 451, 1044 
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Tvnii II 

CARPAL SCAPHOID 



1 

Im ir\TH X n B 
Orni\Ttox 

Trrr or 
(Imrr 

I CBiot or 

THi'< 

1Vt>\ i,t 

1 o'i'arNTH 

1 

1 nnfllb*. nn 
Imtrd 

If >n *t fnvr 
tan* llnr 

lli\r |«^ 

]fl «rpL 

1 nk>n br 
IhHH' 

Hrtumctl ti foil liitv j 
' PTXlk 

i 

amtbs on 

tmtrd 

»t Imr ' 

tarriiw 

niftr JWT* 

i 1 

1 mrfV 1 

1 1 

1 

limn bv 

1 boop 

Urtumc>rl to fall ^ n i il 

duti'^ l>Ut (HI 

1 month-* Iat(r <lr 
\H jitxl crad 1 al 1 * 
InpTTJ ttiR arthntt^ 

*1 

1 Bofrtk*, on 
(rt«lrd 

1 VIkot] tlon «t frar 1 
lurr lirw 

IlUr |a«p , 

1 1 lot'K 1 

Inlon b\ 
lionp 

IlrtimiMl to fnl! dut\ • 
plfTtrirlin 

•7 

|l J«n, 

Non imWi j 

1 Hup prp 

i 

' 1 

1 1 arrk 

1 

1 nton 1 \ 
Iwwp 

llrtunwl t( full 111 in 
(lut> li^Iit di-obilitv 
ahxh dul not mrm^c 
dunnn np\t m.ht'pn 
month-t 


■1 B»aotb^ im 
tnitfd 

\l»*nrjKlnn at frar 
tarrIW 

1 llup |bt: 

1 

1* «rrLa 

1 nion bv 
Loop 

Jlptunwxl ( full 
<lDt\ Bith n dlv 
al>ilit\ 

t) 

•3 anntb« an 
tffttfd 

\l*«>q (htn at frar 
tarrlinr 

Ump jaTi 

1 1 mn 

1 n>on l)\ 
Uior 

ItrliirriHl to i^Toefal 
lutt hut IX iBonths 
Ulrr lr^pl^Jxxl m 
nxi in>. arthntts 

in 

8^lh homoU 
M m 
w*a ocrt««t 

Noam >0 In ii|4tr of 
Immolijlkotkai 1 

1 

lllUpirj* j 

1 

' i 

r acl 

1 

No onion 

1 

ubncute in 
fpi tion BIX BppkB after 
npmtioti thn< rr 
Mjhed but tbeip aaa 
no rTxletKT of onion 
and ffraft absorbed 


TABU III 

SPINE 



‘^tTE 

lamrtTiox 

roB 

OrEtuTids 

1 

Ttrr 

or 

Obaft 

1 IW 

'orUIXTlVB 

CourucA 

1 TIOXX 

1 cBidi or 
IvMoniuxA 
TIOX 1 

Hestlt 

COSME-XTB 

11 

Bodj-ofiHli 

dofial 

Oomminn 

tlon 

Doublo 

illao 

None 

in aeeka 

Foalon by 
' bone 


a 

' Body of Dth 

; dorul 

Comminu 

tkm 

lioable 

tliao 

Nodo 

10 aerka 

Fualon by 
bone 

1 


B<riy of Irt 
tiam'bar 

Comtntnn 

tkin 

Double 

iluo 

None 1 

13 ^ka 

Fmion bv 
b«ie 



of Lrt 
kunbar 

Commlnn 

Hon 

Don We 
Qiao 

None 

15 xreolti 

1 

Foalon by 
booo 


lit 

B<^y of lrt 
lumbar 

Commlnn 

Hoo 

Double 

111*0 

Kobo 

10 ireeka 

Fuaioo by 
bone 



13 
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months after grafting 
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T\mi \i 

OS GALOIS 


1 

Trrr 

OrrTtmox 

1 1 cnioii fir 
NM«>htU4« 

' THIN 

1 

Hr>i LT 

^ Cn^METP, 

"1 

Fr*r t n rr InrrJrinc 
pKt aW i 

jiTint 

F xri ion Joint 
A Inrrnl tlldal 

1 prmft 

1 II «rok 

1 

Ikmr fadon of 

1 Joint and pnft 
inroqifiratrd ' 

M ' 

F r«c t u rr hiT<Jrtnc 

1 ) vt «uli« trmpvlri^) 

1 

1 F Tri ton Joint 

1 k lniHr.1 

1 pr»fl 

1 1 1 rnrrk^ 

’ Ilon\ fusion of 
joint ami jnuft 
InrtTfjioratrfI 


6- 1 

1 Fr*f t a rr InrtJv+nff 

1 nla tr«p>W 1 

Writ 

F xrid m Joint 
k banrO tHul 
' trrmft 

12 mrrkn 

llonv fo^n of 
lomt and ^ft 
Inrorporalcfl 

! 


Frtr t u rr intol\lng 
I'««t »aLi lT»tr*Irt}<l 1 
Hot 

!■ iriMon Joint 

1 4t lnirir<i tiliUI 
PTtfl 

I* »rrk 

Il<«n> fu*»n «f 

Jc^nt anil craft 
loeorporatrd i 

S9 ' 

Frtctorr Inrotrinc 
] rt >Qha tntninid 
joint 

' h lo l<m J o 1 n t 
k Iraiird tibUI 

1 

1 II >orL< 

1 llonv fusion of 

1 kant and praft 
incorporttwl 

*n ; 

1 rtctarr [nrolrinp 
] r.t lulu traptjnki 
Hnt 

F*ri«ion Joint 
k buMod tIUnI 
pr«(t 

11 «rrk 

lioov fudcn of 
joint and praft 
incwporated 


' 

Fr*ct«rr hirol\lnn 

) Ht snl i^tngakMd 
MnL 

F xcidfHi Joint 
i IniHnt tIbUI 
pT»fl 

It! wrrk^ 

JloDT fodon of 
joint and praft 
iDcorporttod 



Fr^otnrr iardriox 

Lxridofi Joint 
k boned tiUsI 

1 

I* orrlu 

lton\ foilon of 
Joint and graft 
iDcorponitrd 
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TABLE Vn 

ARTHRODESIS OF WRIST 


1 

I>DlCATIOS 

Ol'FRATlOX 

Period of 
Immorilisa- 

TIOX 

It LSI LT 

1 COMULST-- 

73 

Unrt‘ducc(l tmns-scnplio- 
pcnliinar dislocation 

Double bail -ended 
tibial praft 

IG weeks 

Graft comjilcteh 
incorporated 

1 

1 

74 

Artlintis after fracture 
scaphoid 

Double bail-ended 
tibial graft 

1 G w ccks 

Graft eomjileteh 
incorporated 


73 

Vcn, comminuted frae 
ture lo^\cr end radius 

Double bail-ended 
tibial graft 

IG weeks 

Graft completeh 
incorpomtid 


7<) 

Gunshot uound of earpus 

Double bail-ended 
tibial graft 

IG weeks 

Graft com])let( h 
ineoriiorntcd 


77 

Vers comminuted frae 
ture louer end radius 

Double bail-ended 
tibial graft 

IG weeks 

Graft completeh 
inrorporated 


78 

! 

Ver\ comminuted frac- 
ture lower end radius 

Double bail-ended 
tibial graft 

IG weeks 

Graft eoin])lctcl 3 
ineoriiomted 


7') 

Arthritis after fracture 
scaplioid 

Double bail-ended 
tibial graft 

IG weeks 

Graft eomjileteh 
incorjiorated 


80 

81 

Hi 

-\rthntis after fracture 
‘"Cajihoid 

Double bail ended 
tibial graft 

10 weeks 

Graft eomjileteh 
incorjiorati d 


Arthritis after fracture 
scajihoid 

Double bail-ended 
tibial graft 

10 weeks 

Gnift eomjileteh 
incorjiorated 

1 

Graft fniituriil 

b \ \ i o 1 1 11 1 e 

time inontliH 
lati r 

.\rthntis after fracture 
j scajilioid 

Double bail-ended 
tibial graft 

IG weeks 

Graft eomjileteh 
mt orjKiratc d 


S3 

j ArthntisafterKeinbork’s 

1 diti nvL 

1 

Double bail eiidid 
j tibial graft 

1 G w ( eks 

Graft eomjileteh I 
iiK orjiorate d j 

Graft (rul'd 

b \ % 1 (1 1 ( 0 1 c 
two III o n t li “ 
lilt* r 

Hi 

1 

1 Artlirifi'- aflfr fnutiire Doiihh had ended 
scaphoid ' tihial ;:raft 

i 

' 1 

10 weeks 

Graft ( omjih t( h j 
iniorjiomted i 

t 

S"> 

I 

1 \rt!intis aftir fr/utiin • Doiihli hail i rid< d 
' ^Miplioid tiliial ^'raft 

i Jfl ( kh 

1 

Gnift < omph t< h 

nil orjionif'sl 
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MID TARSAL ARTHRODESES 



Joc.r< Fr m 

iNt irxn >\ 

1 i Rt )l> CIt 
Orrn\Ti x 1 Imvoriu k 
TION 

Hi tLT 

Comm :^r^ 

1 

4 

pbo-CT] nWona 
oirtitirMl 

\rthnfi follow Inc 
vsthm 
ninlrf »m 1 

1 I«Jnl r\H'««xl IH wrfk 
tilnal tnUv | 

[ 

Imnt fu'xxl Aixl 
j.raft inwir 
poratnl 


7 

^pbo mnli fora 
■vUUrojd 

1 nmlarr^l r a n 1 r l 
form m<4*l*p«Al 

lr<lnr«tk >0 

i lolnt rxrl»oU 11 wrrk 
' tll4al inlov 

1 prnft 

lointK fu>.<Hl and 
praft locor 

1 poratrU 



8«lio<wiHofTn ' 

i^tUnAl 

Frmfturr <l»«Inr»tton ! 
fir»t mnK rrro 

1 Joint o»*+«'il ll»rrk« 
tilJal lntA\ 

1 ^(t 

Joint fu>^l ami 

I prnft ineor 
porati 1 


9 

^;iki •ctpbo- 
eiBiftorn 
BFtiUr^l 

JrtrtaiT 

toU l»t ' 
toU “^xl met* 
ttr^N 

Joint rt<+>nl n%irk^ i 

tilJal inla\ 

Crwft 

1 

JointH fu«nl anil 
praft Ineop 
poratnl 


n 

eonleforta 

ArthritU followinc 
frsrttm-i M~a|ih(4'l 
•rnl first conkfortn 

lotota rxi+ipd 17 wrrk^ 
til>Ul lnU\ 

f"'i 1 j 

, Joints anil 

1 graft incot 

1 poratcU 
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TABLE IX 

OTHER ARTHRODESES 


1 

( 

1 

J 

1 

i 

TOJ^T 

j 1 

1 Indication 

Oper \tion' 

Period or 

IVMOniLls \ 
TIOX 

! 

1 Ki.siiT 

i 

1 

91 

Ankle 

‘ 1 

1 

1 

Arthntis niter fmc 
turc loM cr end tibia 

Excision joint, 
inlaid 1 1 b 1 a 1 
graft 

21 weeks 

1 

Joint fused and 
graft iiiror 
jiomtcd 

92 

Ankle 

! 1 

Comminuted fracture 
lower end tibia 

Joint cxciaed, 
fibula useel ns 
onlae graft 

14 weeks 

Joint fused and 
graft iiieor- 
jioratid 

99 1 

1 

i 

Ankle 

1 1 

Comminuted fracture 
lower end tibia | 

Joint excised, 
fibula used as j 
onln\ graft 

19 weeks 

loint fusdl and 
graft incur 
jiomti'd 

94 i 

1 

Ankle 

1 : 

Arthntis after frac- 
ture lower end tibia 1 

1 

Joint excised, 
fibula used ns 
onlae graft | 

14 weeks 

Joint fused and 
graft iiieor- 
poratid 

1 

! Kntv 

Comminuted fracture 
upper end tibia 
(GSW ) 

Joint excised, 
X-tibial grafts 

1 

20 W( ( ks 

! 

Joint fiisid and 
grafts incor 
i poratid 

9G j 

j 

M-I' Hnllux 

Hallux ngidus with 
arthntis 

! 

i 

Joint excised, 
intramwliillan 
^ tibial ])Cg 

IS wieks 

t 

Joint fiiseil and 
graft Iiieor 
pomtcfl 

1 

1 

i 

M-P Hnlltix 

1 

! 

1— — — 

Hallux ngidus with 
nrthnti'- 

Joint exci'.cd. 
Ultra nil dullarc 
tibinl peg 

]G works 

1 

Joint fii^id and 
graft iiicor 
pornted 

9H i 

1 I>!l)()u 

1 1 

0 S \\ joint watli 1 

gro-is Ikiik lo'-s j 

Hiiiniro - ulnar 
tiiiial graft j 

IS wtiks 1 Cnift firnih iii 

(orjHinitnl 

' ^ 1 

'•9 1 lull ^[)lln^an^'< al 1 Arthnlis nft<T frnf-! 

, tliiinil) i tun nito joiut { 

1 1 1 

Joint exijscfl, ^ 17 wu’ks ’ .foiiit fiisi d aiul 

intranu iliillan j graft iiieor 

tibial lieu ! jinrati d 


Iftf) ..M(tn(Tr(K) I .VrflintH jifttr fnn ' lojiit I .ftiint fii'i il nnil 

I |))ialiinL'' il tim (li‘ilr>riition j liliml i ii I n \ ' irraft iii< <ir 

, tlumil* ' jrrafi 






































INDEX 


A 


D 


AmmUl end of cUride frarlurr 
Actin exerdtes ifld rehiUUUUon;, .1 iK 
Anilelotst 
Fnrtum, I i i 

lodk^tkHi^ fi r r>]wmtl<>n 111 
Trthnkiuc of Q|icralk>n 15- 

Artlnith 

8ul»^mpilnk1 Bflrr fmrtaml «n mMs 
1 

llrKt sflrr frortaml OH 

ArthrodeM , 

3Ild UtniI 

of oiirrntkin 13H 

Tff+inkiue of t>^«rnHk»n 101 , 

Ptwlfrior «jl*^lriffalol<J i 
fMndpl« of oprmllofi 1^ 

Tfrtinl/TBf urnjwralloo 100 
S^dnal 

1 riDCfpfM of OfKTUlkui 1« 

TWuiiquf of oprfBllon 
Aitttoiir aecrwli of bone 
fnettrml nork of ffmur 112 
Pnwinird »cnjihokl 01 

I 

B I 

Botu trunnott, u . 

®o»eI«i ,4 

pen, Ij ih 

CttfU, ifl 


0 

frtctnw, f>« Oi cnldi 
“TO. wirtrclinc a mcan^ of flvnUon 
31 

faftteflon, tftei fmctomd icnpboid, 0 i 

i;f«iwtli*r«pr 27 3 o 

Chvlda 

lodicttkmi for jniftlnp 54 
^ ■^hnlque of Rruflli^t 50 

to boBo-crnli^ s 


for operotlori, 150 
rtchnique of operatloD 101 


DeUred ntUOQ In tnttnrts t 
DUfUtU of Inferior UbioflbalAr Joints 14 ‘ 
Diet -i 
Diiloentioni 
( iiiirif tm> tnroil 1 ^ 

Hnillo-ultmr Inferior "0 
UoalitwulnAr vtiiM’Tior 
ic) tarsal 155 

Donor lee niter treatment, 30 
Dressinf; of wonndi, JO 


E 

Eiddon of mtUt&ml ihnfta lot 
Eiddoo of ofecranon, ni 
Exerdm. Vt \r1i\T rxemsM 
Exponre of tnetore oo 


F 


Femur Net-K ill 

IiidlcnUons for cmftinji 11- 
Trrfmlqtir of RTuninp 113 
Femnr Mufi 118 

Imlicnliom fur ^rraflin;! 118 
Trcliniqur of BTufllnp 12^ 
FlboU 

pmetured iimllrolitx, 1 W 
Cmfl 18 41 43 
Fixation 

Foktemal, 25 33 
Inlrmnl 2 TV 
Of grafts - 20 31 


0 

Orafta 
Uiirin) 13 
llntiblc onUv 12 
jnbuler la, 41 43 
JletCTOflcnetmx, 20 
HomoVogwiv 16 
lilac. 18 41 43 
InlaV 11 
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